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COMPILATION  OF  ENDf/b  DATA 
FOR  MAGNESIUM,  TITANIUM,  VANADIUM, 
MOLYBDENUM,  AND  GADOLINIUM 

by 

E.  M.  Pennington  and  J.  C.  Gajniak 


ABSTRACT 

The  compilation  of  ENDF/b  neutron  cros  s  -  section 
data  for  the  materials  magnesium,  titanium,  vanadium,  mo¬ 
lybdenum,  and  gadolinium  is  presented.  All  the  data  in  the 
ENDf/b  format  are  listed,  and  graphs  of  much  of  the  data 
are  presented. 


I.  INTRODUCTION 

The  Cross  Section  Evaluation  Working  Group  (CSEWG)  was  organized 
in  spring  of  1966  to  produce  a  coordinated  system  among  laboratories  for 
the  evaluation,  storage,  and  processing  of  neutron  cross-section  data.  The 
group,  which  consists  of  representatives  of  approximately  15  government 
and  industrial  laboratories,  met  at  Brookhaven  National  Laboratory  in  June 
and  November  1966  and  May  1967.  At  the  June  1966  meeting,  members  of 
the  group  agreed  to  compile  cross-section  data  for  the  materials  of  interest 
in  nuclear-reactor  applications  and  to  supply  FORTRAN  codes  to  process 
the  data.  The  Argonne  contribution  to  the  project  was  to  consist  of  the  MC^ 
code,^  which  calculates  multigroup  cross  sections  from  basic  nuclear  data, 
and  the  compilation  of  cross  sections  for  magnesium,  titanium,  vanadium, 
molybdenum,  and  gadolinium.  The  data  for  these  five  materials  are  com¬ 
piled  here. 

The  cross  sections  and  other  nuclear  data  compiled  by  the  CSEWG 
members  form  the  ENDF/b  system.  (ENDF  stands  for  Evaluated  Nuclear 
Data  File;  B  is  used  to  distinguish  the  system  from  the  previously  existing 
ENDf/a.^)  The  ENDf/b  system  contains  complete  evaluations  for  each 
material  in  the  sense  that  all  data  required  to  perform  reactor  calculations 
involving  that  material  are  included.  The  ENDF/a  system,  on  the  other  hand, 
may  contain  partial  evaluations,  such  as  a  certain  type  of  cross  section  over 
a  limited  energy  range,  for  example.  The  types  of  data  included  in  ENDf/b 
and  the  punched-card  formats  involved  are  described  in  Ref,  3. 

To  complete  the  compilation  of  the  ENDF/b  data  within  a  reasonable 
time  interval,  members  of  the  CSEWG  decided  to  use  already  existing 


compiled  data  as  much  as  possible.  In  many  cases,  including  those  of  the 
five  materials  assigned  to  Argonne,  the  existing  compilations  did  not  cover 
all  types  of  data  required  or  were  sufficiently  old  that  better  experiments 
had  later  been  performed,  which  could  be  used  to  improve  the  evaluations. 
The  chief  source  of  data  for  the  evaluations  of  magnesium  and  titanium  was 
the  compilation  by  Tralli  ^  al.^  of  United  Nuclear  Corporation.  The  titanium 
data  of  Tralli  et  al.  was  later  slightly  modified  at  AWRE®  and  is  included  in 
ENDf/a.  The  main  data  sources  for  molybdenum  and  gadolinium  were  the 
Karlsruhe  evaluations  by  Schmidt^  and  Schmidt  and  Siep,^  respectively.  For 
vanadium,  the  present  compilation  is  almost  entirely  new.  The  evaluations 
were  done  under  a  time  limit,  the  target  date  being  the  November  1966  meet¬ 
ing  of  the  CSEWG.  The  original  versions  of  the  data  for  all  five  materials 
were  completed  by  that  time.  In  the  summer  of  1967  the  titanium  and 
vanadium  data  were  modified  as  suggested  by  the  review  committee  of  the 
CSEWG,  to  take  account  of  later  experimental  data.  It  is  hoped  that  the 
compiled  data  for  the  five  Argonne  materials  are  reasonably  good,  although 
the  short  time  limit  necessitated  a  compromise  between  performing  the 
best  possible  evaluations  and  getting  the  data  compiled  in  a  reasonable  time. 
Use  of  the  data  in  reactor  calculations  should  point  out  any  serious 
shortcomings . 

The  following  five  sections  describe  the  compilations  for  each  of  the 
materials . 


II.  MAGNESIUM 


A.  Outline  of  Data  Included 


Smooth  total,  elastic,  inelastic,  (n,Zn),  (n,7),  (n,p),  and  (n,a)  cross 
sections  are  given,  along  with  the  values  of  PL,  and  y  calculated  from 
the  Legendre  coefficients  mentioned  below.  Here  /tp,  is  the  average  cosine 
of  the  angle  of  elastic  scattering  in  the  laboratory  system,  ^  is  the  average 
logarithmic  energy  decrement  in  an  elastic  collision,  and  y  is  the  average 
of  the  square  of  the  logarithmic  energy  decrement  divided  by  twice  the 
average  logarithmic  energy  decrement.  The  energy  range  is  0.001  eV  to 
18  MeV. 

Legendre  coefficients  in  the  center-of-mas s  system  are  presented 
for  elastic  scattering  at  33  energies,  along  with  the  transformation  matrix 
from  the  center-of-mas s  system  to  the  laboratory  system. 

Secondary- energy  distributions  for  inelastic  scattering  to  four  re¬ 
solved  levels  and  the  continuum  are  given,  along  with  tabulated  nuclear  tem¬ 
peratures.  Nuclear  temperatures  for  the  (n,Zn)  reaction  are  also  included. 

Parameters  for  the  free-gas  thermal- scattering  law  are  given. 


B,  Sources  of  Magnesium  Data 


1.  Total  Cross  Section 


The  total  cross  section  over  most  of  the  energy  range  is  based 
on  Table  13  of  UNC-5002,‘^  which  gives  data  at  400  energies  from  0.0383  eV 
to  18  MeV.  An  extension  was  made  downward  to  0.001  eV  by  summing  the 
scattering  and  capture  cross  sections  described  below.  From  about  2.3  MeV 
to  about  8.5  MeV,  new  values  of  based  on  the  more  recent  measure¬ 
ments  presented  in  the  figures  on  pages  12-0-3  and  12-0-4  of  Ref.  8  were 
used. 


2.  Elastic  Scattering  Cross  Section 


The  elastic  scattering  cross  section  over  most  of  the  energy 
range  was  taken  from  Table  13  of  UNC-5002,  a  constant  value  of  3,41  barns 
being  used  below  1.5  eV,  Since  new  total  cross  sections  were  used  from 
2.3  to  8.5  MeV,  new  elastic  cross  sections  were  determined  in  this  range 
by  subtracting  other  cross  sections  from  the  total. 

3.  Inelastic  Scattering  Cross  Section 


The  inelastic  scattering  cross  section  is  based  on  Table  13  of 
UNC-5002,  the  (n,n')  and  (n,np)  cross  sections  being  added  to  give  the  in¬ 
elastic  cross  section  at  high  energies, 

4 .  (n,7)  Cross  Section 

The  (n,7)  cross  section  is  from  Table  13  of  UNC-5002,  extended 
down  to  0.001  eV  on  a  l/v  basis  with  a  cross  section  of  0.073  barn  at 
0.0253  eV, 

5.  (n,2n),  (n,p),  and  (n,a)  Cross  Sections 


Values  of  On,2n>  ‘^np’  3-11  from  Table  13  of  UNC-5002. 

6.  JIl,  and  7 

A  code  was  written  using  modified  versions  of  some  of  the 
CHAD'^  subroutines  in  order  to  calculate  jlIl,  and  7  from  Legendre  co¬ 
efficients.  The  CHAD  code  already  had  provision  for  calculation  of 
and  The  calculation  of  7  is  done  in  a  manner  similar  to  that  of  |,  pre¬ 
sented  in  Section  VII  of  Ref.  9.  Since  large  terms  tend  to  almost  cancel 
one  another  in  the  calculation  of  7,  and  to  a  lesser  extent  in  the  calculation 
of  especially  for  heavy  elements,  the  computations  were  done  using 
double-precision  arithmetic  on  the  CDC-3600,  which  involves  approximately 
25  decimal  digits. 


7.  Elastic  Scattering  Legendre  Coefficients 


Legendre  coefficients  in  the  center-of-mass  system  were  ob¬ 
tained  from  Table  14  of  UNC-5002,  enough  energies  being  chosen  so  that 
linear-log  interpolation  could  reasonably  be  used  between  successive  ener¬ 
gies.  Truncation  of  the  series  after  too  few  terms  at  high  energies  in 
Table  14  leads  to  negative  da/dH  values  over  part  of  the  angular  range. 

Thus  the  coefficients  at  9.89  MeV  were  slightly  modified,  and  the  coefficients 
at  14  and  18  MeV  were  derived  from  Abacus-2  optical-model  calculations 
The  well  parameters  used  in  Abacus-2  were  those  of  Bjorklund  and 
Fernbach,^^  since  the  Legendre  coefficients  at  high  energies  in  Table  14 
are  based  on  their  optical-model  calculations.  The  angular  distributions 
from  the  Abacus-2  problems  were  fit  by  least-squares  techniques  using 
the  SAD  code,^^  The  maximum  number  of  Legendre  coefficients  used  in  the 
magnesium  angular  distributions  is  10.  Thus  a  transformation  matrix  from 
the  center-of-mass  system  to  the  laboratory  system  involving  terms 
through  I  -  10  was  calculated  using  the  CHAD  code. 

8.  Secondary-energy  Distributions 


Probabilities  of  exciting  each  of  the  four  resolved  levels  con¬ 
sidered  in  inelastic  scattering  are  tabulated  from  threshold  up  to  6.0  MeV, 
based  on  Table  15  of  UNC-5002.  A  nuclear  temperature  for  continuum  in¬ 
elastic  scattering  is  given  for  higher  energies.  This  was  determined  as 
follows.  At  several  energies,  nuclear  temperatures  were  found  for  the 
Maxwellian  distribution  that  would  yield  the  same  average  energy  loss  as 
the  tabulated  values  of  ann'(E,E')  in  Table  16  of  UNC-5002,  which  corre¬ 
spond  to  distributions  that  are  decidedly  non-Maxwellian.  A  smooth  curve 
of  temperature  vs  energy  was  drawn,  guided  by  these  calculated  tempera¬ 
tures.  This  led  to  nuclear  temperatures  of  the  same  order  of  magnitude 
as  those  given  by  the  Yiftah-Okr ent-Moldauer  formulation^^  over  part  of  the 
range  but  which  decreased  drastically  at  high  energies. 

Nuclear  temperatures  for  the  (n,2n)  reaction  are  given  at 
threshold  and  at  18  MeV,  determined  as  follows.  In  Ref.  5,  one  neutron  was 
assumed  to  have  an  energy.  E'  =  0.3(E  -  and  the  other  an  energy 

E'  =  0.4(E  -  E^j^j.),  where  E^j^j.  is  the  threshold  energy.  Since  the  peak  of 
a  Maxwellian  distribution  occurs  at  E'  =  0(E),  the  value  of  0(E)  at  18  MeV 
was  taken  as  0.35(E  -  E^hj.)  MeV.  At  E  =  Ethr>  arbitrary  value  of 
0.1  MeV  was  used  rather  than  zero,  since  a  zero  value  might  cause  diffi¬ 
culty  in  processing  programs. 

9.  Thermal-neutron  Scattering  Law 

A  free-gas  thermal- scattering  law  was  assumed.  The  cutoff 
above  which  the  static  model  is  used  was  taken  to  be  1.5  eV ,  and  a  value  of 
3.41  barns  was  used  for  the  free-atom  scattering  cross  section. 
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C,  Comments  on  Magnesium  Cross  Sections 


The  radiative  capture  cross  section  is  quite  uncertain,  except  at 
thermal  and  near-thermal  energies.  Even  at  thermal  energy,  the  value  of 
0.073  barn  used  at  0.0253  eV  is  somewhat  higher  than  the  value  of 
0.063  ±  0.005  barn  recommended  in  Ref.  8.  Since  the  capture  cross  sec¬ 
tion  is  rather  small,  the  errors  are  probably  tolerable. 

The  inelastic  scattering  cross  section  is  uncertain  at  high  energies, 
although  it  should  be  reasonably  good  over  most  of  the  energy  range. 

The  procedure  used  in  UNC-5002  to  obtain  the  (n,2n)  cross  section 
yields  only  a  very  rough  estimate,  but  the  high  threshold  of  this  reaction 
makes  it  of  little  importance  for  reactor  calculations. 


III.  TITANIUM 


A.  Outline  of  Data  Included 


Smooth  total,  elastic,  inelastic,  (n,2n),  (n,7),  (n,p),  and  (n,  a)  cross 
sections  are  presented  along  with  values  of  pL,  and  7  calculated  from 
the  elastic  scattering  Legendre  coefficients.  The  energy  range  covered  is 
0.001  eV  to  18  MeV. 

Elastic  scattering  Legendre  coefficients  are  given  in  the  center-of- 
mass  system  for  23  energies,  along  with  the  transformation  matrix. 

Inelastic  scattering  secondary-energy  distributions  for  four  resolved 
levels  and  the  continuum  are  presented.  Nuclear  temperatures  are  tabu¬ 
lated  for  inelastic  scattering  and  the  (n,2n)  reaction. 

Free-gas  thermal- scattering  law  parameters  are  included. 

B.  Sources  of  Titanium  Data 


1 .  Total  Cross  Section 

Below  100  eV,  the  total  cross  section  was  obtained  by  adding 
the  scattering  and  capture  cross  sections.  From  100  eV  to  2.5  keV,  the 
UNC-5002  total  cross  section  was  used.'^  From  2.5  to  almost  220  keV, 
values  of  were  read  from  the  graphs  on  pages  22-0-2,  22-0-3,  and 
22-0-4  of  Ref.  15.  The  UNC-5002  values  were  used  above  220  keV,  except 
in  the  region  2.4-15  MeV,  where  values  were  read  from  the  figures  on 
page  22-0-5  of  Ref.  15. 


2.  Elastic  Scattering  Cross  Section 


Below  100  eV,  the  elastic  scattering  cross  section  from 
UNC-5002  was  used,  except  that  a  constant  value  of  4.13  barns  was  as¬ 
sumed  below  1.5  eV.  At  all  higher  energies,  ann  was  obtained  by  subtract¬ 
ing  all  other  cross  sections  from  the  total  cross  section. 

3.  (n,7)  Cross  Section 

A  l/v  capture  cross  section  of  6.1  barns  at  0.0253  eV ,  as  rec¬ 
ommended  in  Ref.  15,  was  assumed  up  to  100  eV.  From  100  eV  to  22.5  keV, 
the  capture  cross  section  was  calculated  using  the  heavy-type  resonance 
parameters  in  Ref.  15  in  the  single-level  Breit-Wigner  formula  without 
Doppler  broadening.  An  assumed  r.y  of  0.75  eV  was  used,  along  with  the 
l/v  contribution  necessary  to  give  =6.1  barns  at  0.0253  eV.  The 

4.18-keV  resonance  in  Ti'^®  was  omitted  in  these  calculations,  since  its 
parameters  do  not  agree  with  the  total  cross  section  curve.  This  resonance 
may  belong  to  another  titanium  isotope.  From  22.5  keV  to  almost  1  MeV, 
the  capture  cross  section  was  read  from  the  smooth  curve  on  the  figure  on 
page  22-0-7  of  Ref.  15.  At  higher  energies,  UNC-5002  values  were  used. 

In  the  region  of  calculations  from  resonance  parameters,  the 
capture  cross  section  is  in  general  quite  different  from  that  in  UNC-5002. 
This  is  because  the  UNC-5002  values  are  based  on  old  resonance  parameters 
which  have  been  greatly  revised. 

4.  Inelastic  Scattering,  (n,2n),  (n,p),  and  (n,cx)  Cross  Sections 

The  values  of  0^^,  ^n,2n’  '^np’  ^na  from  Table  1  of 

UNC-5002. 

5.  i,  and  7 


Values  of  and  7  were  calculated  from  the  elastic  scat¬ 

tering  Legendre  coefficients,  using  the  modified  versions  of  the  CHAD-code 
subroutines,^  as  outlined  in  II. B. 6  above  in  the  documentation  of  magnesium 
cross  sections. 

6.  Elastic  Scattering  Legendre  Coefficients 


Legendre  coefficients  in  the  center-of-mass  system  were  ob¬ 
tained  from  Table  2  of  UNC-5002.  The  same  energies  were  used  as  in 
Ref.  5,  except  above  10  MeV.  Since  the  coefficients  of  Table  2  yield  nega¬ 
tive  da/df2  values  over  part  of  the  angular  range  at  high  energies,  new 
coefficients  were  calculated  at  14  and  18  MeV.  These  were  derived  from 
Abacus-2  calculations, using  the  well  parameters  of  Bjorklund  and 
Fernbach.^®  The  angular  distributions  from  the  Abacus- 2  problems  were 


1  ^  '  • 

fit  by  least- squares  techniques,  using  the  SAD  code.  A  transformation 
matrix  from  the  center-of-mass  system  to  the  laboratory  system  was  cal¬ 
culated  using  CHAD.^  This  matrix  involves  elements  through  =  12, 
since  12  is  the  largest  number  of  expansion  coefficients  used  in  the  titanium 
angular  distributions. 

7.  Secondary-energy  Distributions 


Probabilities  of  exciting  each  of  the  four  resolved  levels  con¬ 
sidered  in  inelastic  scattering,  based  on  Table  3  of  UNC-5002,  are  tabulated 
from  threshold  to  4.44  MeV.  A  nuclear  temperature  for  continuum  inelastic 
scattering,  determined  as  described  above  for  magnesium,  is  tabulated  for 
higher  energies.  The  nuclear  temperatures  so  determined  do  not  differ 
nearly  as  much  from  those  given  by  the  formulation  of  Ref.  14  as  was  the 
case  for  magnesium. 

Nuclear  temperatures  for  the  (n,2n)  reaction  were  determined 
as  for  magnesium. 

8.  Thermal-neutron  Scattering  Law 

A  thermal- scattering  law  according  to  the  free-gas  model  was 
assumed.  The  cutoff  energy  above  which  the  static  model  is  used  was  taken 
as  1.5  eV,  and  a  value  of  4.13  barns  was  used  for  the  free-atom  scattering 
cross  section. 

C,  Comments  on  Titanium  Cross  Sections 


The  capture  cross  section  is  uncertain  in  the  energy  range  in  which 
it  was  calculated  from  resonance  parameters,  since  there  are  no  experi¬ 
mental  data  in  that  range  and  a  value  of  had  to  be  assumed.  The  (n,a) 
and  (n,2n)  cross  sections  are  also  questionable.  The  (n,a)  cross  section  is 
too  small  to  matter  much  in  reactor  calculations,  while  the  high  threshold 
of  the  (n,2n)  reaction  makes  this  reaction  of  little  importance  for  reactors. 
Values  of  0^^2,n  calculated  by  Pearlstein's  method^^  might  have  been  better. 


IV.  VANADIUM 


A.  Outline  of  Data  Included 


Smooth  total,  elastic,  inelastic,  {n,2n),  (n,^),  (n,p)  and  (n,a)  cross 
sections  are  given,  as  well  as  values  of  and  7  derived  from  the 

Legendre  coefficients.  The  energy  range  is  0.001  eV  to  15  MeV. 

Elastic  scattering  Legendre  coefficients  in  the  center-of-mass 
system  are  given  for  42  energies,  along  with  the  transformation  matrix. 
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Secondary- energy  distributions  for  four  resolved  levels  and  the  con¬ 
tinuum  for  inelastic  scattering  are  included,  along  with  tabulated  nuclear 
temperatures.  Nuclear  temperatures  are  also  given  for  the  (n,2n)  reaction. 

Parameters  for  the  free-gas  thermal- scattering  law  are  given. 

B.  Sources  of  Vanadium  Data 


1,  Total  Cross  Section 


The  total  cross  section  below  100  eV  is  the  sum  of  the  scatter¬ 
ing  and  capture  cross  sections.  From  100  eV  to  about  2  keV,  a^T  '^^.s  read 
from  the  graph  in  Ref.  17.  From  2  to  220  keV,  values  were  read  from  the 
graphs  on  pages  23-0-3  and  23-0-4  of  Ref.  15.  Values  from  Ref.  17  were 
then  used  up  to  about  0.4  MeV,  followed  by  values  from  pages  23-0-5  and 
23-0-6  of  Ref.  15  at  higher  energies,  except  for  the  range  1. 3-2.0  MeV  in 
which  data  from  Ref.  17  were  used. 

2.  Elastic  Scattering  Cross  Section 


An  elastic  scattering  cross  section  of  5  barns  was  used  at  tab¬ 
ulated  energies  below  100  eV.  At  all  higher  energies,  was  obtained  by 
subtracting  the  other  cross  sections  from  the  total  cross  section. 

3.  (n,7)  Cross  Section 

Up  to  1.5  eV,  the  capture  cross  section  was  taken  as  l/v,  based 
on  the  recommended  value^®  of  5.06  barns  at  0.0253  eV.  From  1.5  eV  to 
22.5  keV,  the  capture  cross  section  was  calculated  from  parameters  for  the 
first  two  resonances  in  V®°  and  the  first  six  resonances  in  V®^  as  given  in 
Ref.  15,  along  with  the  1 /v  contribution  required  to  agree  with  the  experi¬ 
mental  cross  section  at  0.0253  eV.  The  single-level  Breit-Wigner  formula 
without  Doppler  broadening  was  used.  Values  of  0.60  and  0.75  eV  were  as¬ 
sumed  for  r -y  for  the  V^°  and  V^^  resonances,  respectively.  These  values 
were  suggested  by  Kapchigashev  to  give  agreement  with  his  broad  resolution 
measurements  of  capture  cross  section  shown  on  page  23-0-3  of  Ref.  15. 
From  22.5  keV  to  2  MeV,  the  capture  cross  section  was  read  from  the 
smooth  curve  for  V^^  on  page  23-51-5  of  Ref.  15.  At  higher  energies,  a  i/e 
dependence  for  0^7  was  assumed. 

4.  Inelastic  Scattering  Cross  Section 


Inelastic  scattering  cross  sections  were  calculated  up  to  2.4  MeV 
for  scattering  to  four  resolved  levels  in  V^^  using  the  Abacus-2^°’^^  and 
NEARREX^^  optical  model  codes.  The  optical  model  parameters  used  are 
those  of  Eq.  8  ibf  Ref.  20.  The  parameter  Q  in  the  NEARREX  calculations 
was  taken  to  be  1.0.  Energies  of  the  four  resolved  levels  considered  in 
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are  0.320,  0.930,  1.609,  and  1.813  MeV.  The  spins  and  parities  of  the 


ground  state  and  the  first  four  excited  states  were  taken  as  l/z-,  b/z-, 
3/2-,  II/2-,  and  9/2-,  respectively.^^  Since  has  an  abundance  of  only 
0.24%,  it  was  not  considered  in  the  inelastic  scattering  calculations.  From 
2.4  to  5.0  MeV,  the  inelastic  scattering  cross  section  was  arbitrarily  ex¬ 
trapolated  using  the  assumption  that  compound  elastic  scattering  vanished 
at  5  MeV.  At  higher  energies,  the  other  reaction  cross  sections  were  sub¬ 
tracted  from  the  total  optical  model  reaction  cross  section  to  yield 


Experimental  data^^’^^  for  inelastic  scattering  to  the  first  four 
resolved  levels,  for  an  incident  energy  of  2.35  MeV  only,  are  in  good  agree¬ 
ment  with  the  calculations,  as  is 
shown  in  Table  I.  Calculations  using 
Q  =  0.0  rather  than  1.0  in  the 
NEARREX  code  did  not  agree  quite 
as  well  with  the  experimental  data. 

5.  (n,2n)  Cross  Section 

The  (n,2n)  cross  section 
was  calculated  for  V®^  according  to 
the  method  of  Pearlstein^^  and  was 
then  increased  by  about  20%  throughout  the  entire  energy  range  in  order  to 
pass  through  a  single  experimental  point. In  this  calculation,  no  distinc¬ 
tion  was  made  between  the  laboratory  and  center-of-mass  systems.  This 
is  in  contrast  to  the  calculations  reported  below  for  molybdenum  and 
gadolinium  in  which  the  distinction  between  the  systems  was  treated 
correctly. 


TABLE  I.  Vanadium  Inelastic 
Scattering  at  2.35  MeV 


Level,  MeV 

a,  mb 

Experimental 

Calculated 

0.320 

360  ±  30 

369 

0.930 

160  ±  8 

153 

1.609 

207  ±  10 

207 

1.813 

145  ±  15 

186 

6.  (n,p)  Cross  Section 

A  smooth  curve  was  drawn  through  the  experimental  V^^  (n,p) 

Ti®^  points  given  in  Ref.  24.  Since  the  experimental  points  were  measured 
only  at  energies  well  above  threshold,  the  curve  was  extrapolated  down¬ 
ward  to  an  assumed  effective  threshold  of  3  MeV.  This  value  was  estimated 
by  inspecting  a^p  cross  sections  for  other  isotopes  with  Z  values  near  that 
of  vanadium  and  observing  how  far  effective  thresholds  are  above  actual 
thresholds.  The  smooth  curve  on  page  23-51-6  of  Ref.  15  is  almost  in  agree¬ 
ment  with  the  values  used  here  in  the  range  above  13  MeV  covered  by 

the  curve. 


7.  (n,a)  Cross  Section 


The  (n,a)  cross  section  was  read  from  the  smooth  curve  on 
page  23-51-8  of  Ref.  15  and  extended  downwards  to  an  effective  threshold 
of  7  MeV,  estimated  as  for  the  (n,p)  reaction. 
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8.  jUl,  i  ,  and  7 

Values  of  /iL,  and  7  were  calculated  from  the  elastic  scat¬ 
tering  Legendre  coefficients,  as  outlined  in  II. B. 6  above  for  magnesium. 

9.  Elastic  Scattering  Legendre  Coefficients 


Below  1.8  MeV,  the  Legendre  coefficients  are  based  on  the  ex¬ 
perimental  results  of  Langsdorf  ^  al.,^^  who  plot  coefficients  in  the  labo¬ 
ratory  system  as  a  function  of  energy.  Values  were  read  from  these  curves, 
renormalized  as  in  ENDf/b,  and  transformed  to  the  center-of-mass  system 
using  the  transformation  matrix  routine  from  CHAD.'^  Since  these  experi¬ 
mental  results  include  inelastically  scattered  neutrons,  corrections  were 
made  above  the  inelastic  scattering  threshold,  assuming  isotropic  scattering 
in  the  center-of-mass  system.  The  elastic  scattering  angular  distributions 
of  the  Abacus-2  problems  were  fit  at  1.8  MeV  and  above,  using  the  least- 
squares  fitting  routine  of  SAD.^^  From  2.6  through  4.0  MeV,  the  coefficients 
were  adjusted  using  an  estimated  compound  elastic  scattering  cross  section, 
assumed  isotropic  in  the  center-of-mass  system.  At  5  MeV  and  above,  it 
was  assumed  that  compound  elastic  scattering  is  negligible.  Since 
12  Legendre  coefficients  are  used  at  high  energies,  a  transformation 
matrix  from  the  center-of-mass  system  to  the  laboratory  system 
including  terms  through  Jl  =  12  was  calculated. 

1 0 .  Secondary-energy  Distributions 


The  probabilities  of  exciting  each  of  the  four  resolved  inelastic 
levels  of  the  Abacus- 2  and  NEARREX  calculations  are  tabulated  from  thresh 
old  to  2.4  MeV.  Nuclear  temperatures,  calculated  from  the  formulation  of 
Ref.  14,  are  given  at  2.4  and  15  MeV  since  the  variation  is  linear  on  a  log- 
log  scale. 

11.  Thermal-neutron  Scattering  Law 


A  free-gas  thermal-neutron  scattering  law  was  assumed.  The 
cutoff  above  which  the  static  model  is  used  was  taken  to  be  1.5  eV,  and  a 
free-atom  scattering  cross  section  of  5.0  barns  was  used. 

C.  Comments  on  Vanadium  Cross  Sections 

The  measurements  of  by  Kapchigashev^®  have  helped  to  reduce 

the  uncertainty  in  the  capture  cross  section  in  the  resonance  region.  Ex¬ 
perimental  data^®’^^  on  inelastic  scattering  are  available  only  at  2.35  MeV, 
but  the  good  agreement  between  these  results  and  the  optical-model  calcu¬ 
lations  does  give  some  confirmation  of  the  validity  of  the  calculations. 
There  is  uncertainty  in  the  (n,p)  and  (n,a)  cross  sections  at  low  energies 
since  the  data  had  to  be  extrapolated  downward  from  higher  energies,  the 
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extrapolation  covering  a  rather  large  energy  range  for  the  (n,p)  cross  sec¬ 
tion.  No  elastic  angular-distribution  measurements  exist  above  1.8  MeV. 
However,  optical-model  calculations  of  elastic  angular  distributions  are 
generally  rather  reliable  above  a  few  MeV. 


V.  MOLYBDENUM 


A.  Outline  of  Data  Included 


Smooth  total,  elastic,  inelastic,  (n,2n),  (n,3n),  and  (n,^)  cross  sec¬ 
tions  are  included,  along  with  values  of  pj_,,  and  7  calculated  from  the 
Legendre  coefficients.  The  energy  range  extends  from  0.001  eV  to  15  MeV. 

Resolved  resonance  parameters  for  32  resonances  are  given,  the 
resonance  calculations  extending  from  4  eV  to  1  keV. 

Legendre  coefficients  for  elastic  scattering  are  given  in  the  center - 
of-mass  system  for  39  energies,  along  with  the  transformation  matrix. 

Secondary-energy  distributions  are  given  for  inelastic  scattering  to 
four  resolved  levels  and  the  continuum,  along  with  tabulated  nuclear  tem¬ 
peratures.  Nuclear  temperatures  for  the  (n,2n)  and  (n,3n)  reactions  are 
also  included. 

Thermal- scattering  law  parameters  according  to  the  free-gas  model 
are  given. 

B,  Sources  of  Molybdenum  Data 


1.  Total  Cross  Section 


Below  4  eV,  the  total  cross  section  is  the  sum  of  the  scattering 
and  capture  cross  sections.  From  4  eV  to  1  keV,  the  total  cross  section  is 
the  sum  of  that  calculated  from  resonance  parameters  and  a  smooth  cross 
section  that  is  entirely  capture.  Above  1  keV  and  up  to  10  MeV,  the 
KFK-  120  data  were  used. ^  F rom  10  to  15  MeV,  was  read  from  the 

graph  of  Ref.  1 7 . 

2.  Elastic  Scattering  Cross  Section 


Below  1.5  eV,  a  constant  value  of  ^  barns,  which  is  close 

to  the  tabulated  values  of  Ref.  6,  was  used.  At  4  eV  and  1  keV,  5.008  and 
5.780  barns  were  used,  respectively,  since  these  numbers  correspond  to 
those  calculated  from  resonance  parameters.  Between  4  eV  and  1  keV,  a^n 
is  calculated  entirely  from  resonance  parameters.  From  1  to  200  keV,  the 
values  of  Ref.  6  were  used.  Above  200  keV,  was  found  by  subtracting 
other  cross  sections  from  the  total. 


3.  (n,7)  Cross  Section 


Over  most  of  the  energy  range,  the  capture  cross  section  was 
taken  from  Ref.  6,  with  linear  extrapolation  on  a  log-log  scale  from  10"^  to 
10”^  eV  and  from  10  to  15  MeV.  Between  4  eV  and  1  keV,  aj^.y  is  calcu¬ 
lated  from  resonance  parameters,  a  smooth  contribution  being  added  to 
yield  about  the  same  as  in  Ref.  6  between  resonances. 

4,  Inelastic  Scattering  Cross  Section 


From  200  keV  to  1.5  MeV,  the  inelastic  scattering  cross  sec¬ 
tion  was  derived  by  summing  values  read  from  smooth  curves  drawn 
through  experimental  points  for  the  excitation  of  four  levels  given  in 
Ref,  26.  A  smooth  curve  was  drawn  from  the  value  so  determined  at 
1.5  MeV  to  meet  the  2-MeV  value  of  Ref.  6.  From  2  to  10  MeV,  the  values 
from  Ref.  6  were  used,  except  that  CTn^2n  ‘^n,3n  were  subtracted  from 
these  values  above  their  thresholds.  Above  10  MeV,  the  total  reaction 
cross  section  was  assumed  constant,  and  an,2n>  ‘^n,3n’  ^n7  were  sub¬ 

tracted  from  the  reaction  cross  section  to  yield  Onn'- 

5.  (n,2n)  and  (n,3n)  Cross  Sections 

Both  the  (n,2n)  and  (n,3n)  cross  sections  were  calculated  by  the 
methods  of  Pearlstein. 

6.  /Il,  ^  ,  and  7 

The  values  of  and  7  were  computed  from  the  elastic 

scattering  Legendre  coefficients,  as  described  in  II. B. 6  above  for 
magnesium. 

7.  Resonance  Parameters 


Parameters  for  a  total  of  19  =  0  resonances  and  13  =  1 

resonances  in  six  of  the  molybdenum  isotopes  are  included.  These  are 
based  on  experimental  data  for  separated  molybdenum  isotopes.  There 
are  more  resonances  than  are  present  in  the  same  energy  range  in  Ref.  6, 
but  the  cross-section  contributions  from  most  i  =  1  resonances  are  small. 

8.  Elastic  Scattering  Legendre  Coefficients 


Legendre  coefficients  in  the  center-of-mass  system,  obtained 
from  Alter, were  used  up  to  6  MeV.  Coefficients  were  computed  at  five 
energies  above  6  MeV  by  performing  Abacus-2  calculations  using  the 

well  parameters  of  Moldauer,^°  and  fitting  the  shape-elastic  angular  distri- 
butions  using  the  least- squares  techniques  of  SAD.  A  transformation 


23 


matrix  from  the  center- of-mass  system  to  the  laboratory  system  was  cal¬ 
culated  using  CHAD.'^  The  matrix  involves  elements  through  ^  =  16,  since 
16  coefficients  are  given  for  the  high-energy  Legendre  expansions. 

9.  Secondary-energy  Distributions 


Probabilities  of  exciting  the  four  resolved  levels  by  inelastic 
scattering^^  are  tabulated  from  threshold  to  1.5  MeV.  Actually  the  top  two 
of  the  four  levels  are  combinations  of  levels  with  nearly  the  same  energies. 
Nuclear  temperatures,  calculated  as  in  Ref.  14,  are  given  at  1.5  and  15  MeV. 

Nuclear  temperatures  for  the  (n,2n)  and  (n,3n)  reactions  are 
given.  The  (n,2n)  temperatures  were  determined  as  described  for  magne¬ 
sium;  the  {n,3n)  temperatures  were  found  in  a  similar  manner,  assuming 
E'  =  0.2(E-Ethr)  rather  than  0.35(E  -  Ethr) • 

10.  Thermal-neutron  Scattering  Law 


A  free-gas  thermal-neutron  scattering  law  was  assumed.  The 
cutoff  above  which  the  static  model  is  used  was  taken  to  be  1.5  eV,  and  a 
free-atom  scattering  cross  section  of  5.0  barns  was  used. 

C,  Comments  on  Molybdenum  Cross  Sections 

The  revision^^  of  the  Karlsruhe  evaluation  of  molybdenum  provides 
a  good  source  of  data  with  which  to  compare  the  present  evaluation.  This 
revision  was  not  available  when  the  ENDf/b  compilation  was  made.  As  in 
the  present  evaluation,  Schmidt^'^  recommends  the  use  of  resolved  resonance 
parameters  up  to  only  1  keV  on  the  grounds  that  resonances  are  being 
missed  experimentally  at  higher  energies.  The  recommended  resonance 
parameters  in  Table  Mo-R4  of  Ref.  29  differ  from  the  ones  in  ENDF/b 
mainly  by  having  smaller  values  of  P-y.  Schmidt's  resonance  parameters 
give  a  non-l/v  contribution  of  22.5  barns^^  for  the  molybdenum  capture  reso¬ 
nance  integral  up  to  1  keV.  The  ENDf/b  parameters  yield  24.5  barns  for 
the  same  quantity.  As  Schmidt  points  out,  the  discrepancies  between  various 
measured  resonance  integrals  are  so  large  that  the  measurements  do  not 
help  much  in  evaluating  the  compiled  resonance  parameters. 

Schmidt^^  has  revised  the  smooth  capture  cross  sections  in  the  en¬ 
ergy  range  above  1  keV.  Essentially,  he  has  used  the  results  of 
Kapchigashev^®  up  to  50  keV  and  those  of  Staviskii  and  Shapar^^  above  50  keV. 
These  data^°’^^  are  shown  on  pages  42-0-6  and  42-0-16  of  Ref.  32.  Fig¬ 
ure  Mo-C6  of  Ref.  29  compares  Schmidt's  new  evaluation  and  his  old  evalu¬ 
ation,  which  is  used  in  ENDf/b.  The  most  significant  difference  is  in  the 
energy  range  below  10  or  15  keV,  where  Schmidt's  new  values  are  con¬ 
siderably  lower  than  the  old  ones. 


It  therefore  appears  from  the  preceding  discussion  that  the  capture 
cross  section  used  in  ENDf/b  is  probably  somewhat  high  over  most  of  the 
energy  range  above  thermal. 

Newer  data  on  total  cross  section  are  available  which  show  con¬ 
siderably  more  structure  in  the  energy  range  above  1  keV  than  do  the 
values  used  in  ENDf/b.  Schmidt's  re-evaluation^^  shows  more  structure 
in  the  kilovolt  energy  range  than  does  his  original  evaluation.^  The  data  of 
Wynchank  et  ad.  from  Columbia,  which  were  not  available  at  the  time  of 
Schmidt's  re-evaluation,  have  the  best  resolution  and  extend  up  to  66  keV. 
These  data  are  plotted  on  pages  42-0-6  through  42-0-9  of  Ref.  32. 

Neither  (n,p)  nor  (n,a)  data  were  included  in  the  ENDf/b  molyb¬ 
denum  compilation.  This  was  because  data  were  available  only  for  some 
of  the  isotopes,  either  at  only  one  energy  around  14  MeV  or  averaged  over 
a  fission  spectrum.  The  (n,a)  data  are  especially  skimpy,  and  is  also 
quite  small  because  of  the  large  Coulomb  barrier.  Schmidt  has  included 
an  (n,p)  cross  section  for  molybdenum  in  his  re-evaluation.^^  This  (n,p) 
cross  section  was  assumed  equal  to  that  of  Zr^°. 

VI.  GADOLINIUM 


A.  Outline  of  Data  Included 


Smooth  total,  elastic,  inelastic,  (n,2n),  (n,3n),  and  (n,7)  cross  sec¬ 
tions  are  included,  as  well  as  values  of  /II,  and  y  computed  from  the 
Legendre  coefficients.  The  energy  range  covered  extends  from  0.001  eV 
to  1 5  MeV. 

Resolved  resonance  parameters  for  24  resonances  in  Gd^^®  and 
5  resonances  in  Gd^^^  are  included. 

Legendre  coefficients  for  elastic  scattering  in  the  center-of-mass 
system  are  given  for  32  energies,  along  with  the  transformation  matrix. 

Nuclear  temperatures  are  given  for  inelastic  scattering  and  for  the 
(n,2n)  and  (n,3n)  reactions.  No  resolved  levels  were  considered  for  in¬ 
elastic  scattering. 

Free-gas  thermal-neutron  scattering  law  parameters  are  included. 
B.  Sources  of  Gadolinium  Data 


1.  Total  Cross  Section 

Up  to  50  eV,  the  total  cross  section  is  calculated  from  resonance 
parameters.  From  50  eV  to  10  keV,  dji-p  was  read  from  the  BNL-325 
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graphs. From  10  keV  to  10  MeV,  values  were  obtained  from  KFK-352.^ 
The  total  cross  section  was  extended  from  10  to  15  MeV  using  the  sparse 
data  of  Ref.  17  as  a  guide. 

2.  Elastic  Scattering  Cross  Section 


Below  50  eV,  the  elastic  scattering  cross  section  is  calculated 
from  the  resonance  parameters.  From  50  eV  to  10  keV,  was  split  into 
scattering  and  capture  components  using  a  computer  program  based  on 
Eqs.  39j  40,  43,  and  44  of  KFK-352.  Equations  39  and  40  are  expressions 
for  the  average  scattering  and  capture  cross  sections  for  1-0  neutrons  in 
the  unresolved  resonance  region  for  Gd^®^.  The  parameters  used  in  these 
equations  were  determined  by  averaging  the  known  resonance  parameters. 
Since  not  enough  resolved  parameters  are  known  to  find  average  parameters 
for  the  other  isotopes,  Gd^®^  was  assumed  typical  of  natural  gadolinium. 
Equations  43  and  44  merely  use  Eqs.  39  and  40  to  split  the  experimental 
OnT  into  the  scattering  and  capture  components. 

From  10  keV  to  10  MeV,  values  of  a^n  were  obtained  from 
KFK-352.  From  10  to  15  MeV,  the  reaction  cross  section  was  subtracted 
from  the  total  cross  section  to  give  the  elastic  scattering  cross  section. 

3.  (n,^/)  Cross  Section 

Below  50  eV,  the  (n,7)  cross  section  is  calculated  from  reso¬ 
nance  parameters.  From  50  eV  to  10  keV,  was  determined  as  described 
above  in  the  discussion  of  the  elastic  scattering  cross  section.  Values  from 
KFK-352  were  used  from  10  keV  to  10  MeV,  the  extension  of  15  MeV  being 
made  on  the  basis  of  linear  extrapolation  on  a  log-log  scale. 

4.  Inelastic  Scattering  Cross  Section 

The  inelastic  scattering  cross  section  was  obtained  up  to  the 
threshold  of  the  (n,2n)  reaction  from  KFK-352.  From  the  (n,2n)  threshold 
to  10  MeV,  crn,2n  was  subtracted  from  the  of  KFK-352  to  give  the  in¬ 

elastic  cross  section.  From  10  to  15  MeV,  the  reaction  cross  section  of 
KFK-352  was  extrapolated  on  a  basis  of  a  value  at  15  MeV  equal  to 
1.01  times  the  sum  of  3n’  “^ny  •  Then  in  this  range  was 

obtained  by  subtracting  the  other  reactions  from  the  total  reaction  cross 
section. 


5.  (n,2n)  and  (n,3n)  Cross  Sections 

The  (n,2n)  and  (n,3n)  cross  sections  were  both  calculated  by 
Pearlstein,  according  to  the  methods  of  Ref.  16. 
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6.  Ml,  I,  and  7 


The  values  of  ML’  "V  were  calculated  from  the  Legendre 

coefficients,  as  described  in  II. B. 6  above  for  magnesium. 

7.  Resonance  Parameters 


Resonance  parameters  are  included  for  24  s-wave  resonances 
J,n  Gd^^®  and  5  s-wave  resonances  in  Gd^”.  The  parameters  for  the  first 

t’chree  resonances  in  Gd^®^  and  the  first  two  in  Gd^”  are  from  Ref.  33. 

1 7 

Parameters  for  the  remaining  resonances  are  from  BNL-325. 

8.  Elastic  Scattering  Legendre  Coefficients 

From  0.3  to  1.5  MeV,  Legendre  coefficients  in  the  center-of- 
mass  system,  where  were  obtained  from  Alter, were  used.  Below  0.3  MeV, 
coefficients  were  estimated  from  extrapolation  of  the  Alter  data,  with  iso¬ 
tropic  scattering  assumed  below  5  keV.  Above  1.5  MeV,  coefficients  were 
calculated  at  seven  energies  by  performing  Abacus-2  calculations^®’^^  and 
fitting  the  resulting  shape  elastic  angular  distributions  using  SAD.^^  The 
parameters  used  in  these  optical  model  calculations  were  derived  from 
approximations  to  Eq.  35  of  Ref.  34,  since  the  optical-model  parameters 
used  in  KFK-352  were  also  obtained  in  this  manner.  This  equation  is  used 
to  obtain  local  parameters  which  are  approximately  equivalent  to  nonlocal 
ones.  As  in  KFK-352,  the  parameters  of  Table  4  of  Ref.  34  without  the 
spin-orbit  term  were  used  for  the  nonlocal  parameters. 

The  transformation  matrix  from  the  center-of-mass  system  to 
the  laboratory  system,  calculated  using  CHAD,^  includes  elements  through 
I  -  19  in  agreement  with  the  number  of  coefficients  in  the  high-energy 
Legendre  expansions. 

9.  Secondary-energy  Distributions 


Nuclear  temperatures  for  inelastic  scattering,  calculated  from 
the  prescription  of  Ref.  14,  are  given  at  60  keV  and  15  MeV.  Only  con¬ 
tinuum  inelastic  scattering  was  considered,  both  in  this  evaluation  and  in 
KFK-352,  since  there  are  many  low-lying  levels  in  the  various  gadolinium 
isotopes  aboye  the  (n,n')  threshold. 

Nuclear  temperatures  are  given  for  the  (n,2n)  and  (n,3n)  re¬ 
actions.  These  were  determined  by  the  methods  described  in  II. B. 8  and 
V.B.9  under  magnesium  and  molybdenum. 


10.  Thermal-neutron  Scattering  Law 


The  free-gas  thermal-neutron  scattering  law  has  a  cutoff  of 
1.5  eV,  above  which  the  static  model  is  used,  and  a  value  of  8.0  barns  for 
the  free -atom  scattering  cross  section.  This  8-barn  value  is  what  is  cal¬ 
culated  from  resonance  parameters  near  1.5  eV. 

C.  Comments  on  Gadolinium  Cross  Sections 


The  cross  section  of  gadolinium  in  the  thermal-energy  range  is  the 
largest  of  any  stable  element.  The  resonance  parameters  of  Ref.  33,  which 
were  used  in  this  evaluation,  give  a  very  good  fit  to  the  gadolinium  cross 
section  at  low  energy. 

Above  1  or  2  MeV,  there  is  not  a  great  deal  of  experimental  data 
available  for  gadolinium.  Thus  optical-model  calculations  were  used  to  a 
large  extent  at  higher  energies.  The  (n,2n)  and  (n,3n)  cross  sections  are 
based  entirely  on  calculations.  No  (n,p)  and  (n,a)  cross  sections  are  in¬ 
cluded  in  this  compilation,  but  the  Coulomb  barrier  is  sufficiently  high  to 
make  these  cross  sections  quite  small. 


VII.  GRAPHS 

Graphs  of  much  of  the  data  are  presented  in  Figs.  1-97.  The  axes, 
hash  marks,  and  curves  on  these  figures  were  drawn  with  the  aid  of  the 
CDC-3600  computer  and  a  CalComp  580  plotter.  The  integers  appearing 
along  some  of  the  logarithmic  axes  are  the  powers  of  10  corresponding  to 
the  points  in  question.  The  identification,  MAT  1014,  appearing  on  the 
magnesium  graphs  refers  to  the  ENDF/b  material  number  assigned  to 
magnesium  by  the  CSEWG.  Likewise,  the  MAT  numbers  assigned  to  tita¬ 
nium,  vanadium,  molybdenum,  and  gadolinium  are  1016,  1017,  1025,  and 
1030,  respectively. 

A.  Smooth  Cross  Sections 


Smooth  cross  sections  and  other  data  plotted  from  ENDf/b  File  3 
(Ref.  3)  are  given  for  magnesium  in  Figs.  1-9)  titanium  in  Figs.  10-19, 
vanadium  in  Figs.  20-29,  molybdenum  in  Figs.  30-37,  and  gadolinium  in 
Figs.  38-46.  In  ENDf/b,  the  term  "smooth"  refers  to  data  that  can  be 
represented  by  a  series  of  pairs  of  x  and  y  values  with  an  interpolation 
rule  applying  between  successive  pairs.  The  interpolation  rule  might 
specify,  for  example,  that  In  y  is  linear  in  In  x  between  successive  (x,  y) 
pairs.  In  Figs.  1-46  the  axis  types  have  been  chosen  to  correspond  to  the 
interpolation  rule.  Thus  logarithmic  axes  are  used  for  both  a-p  and  E  for 
magnesium  in  Fig.  1  because  log-log  interpolation  is  specified  for  this 
cross  section.  In  some  cases,  such  as  that  of  inelastic  scattering  for 


magnesium  in  Fig.  3,  the  first  point  of  the  curve  has  been  omitted  because 
it  corresponds  to  a  zero  cross  section  with  linear-linear  interpolation 
specified  between  the  first  two  points.  The  molybdenum  total  and  capture 
cross  sections  in  Figs.  30  and  34  represent  the  smooth  contribution  only. 

Thus  the  cross  sections  calculated  from  resonance  parameters  in  the  range 
4-1000  eV  must  be  added  to  these  values  to  give  the  complete  total  and 
capture  cross  sections.  The  energy  range  below  1000  eV  is  not  shown  on 
the  elastic  scattering  cross  section  for  molybdenum  in  Fig.  31  since  linear- 
linear  interpolation  is  specified.  No  curves  are  shown  for  the  total,  elastic, 
and  capture  cross  sections  of  gadolinium  below  50  eV  in  Figs.  38,  39,  and 
43  because  the  cross  sections  are  calculated  entirely  from  resonance  param¬ 
eters  in  this  energy  range. 
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Fig.  1.  Magnesium  Total  Cross  Section 
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Fig.  2.  Magnesium  Elastic  Scattering  Cross  Section 
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Fig.  4.  Magnesium  (n,Y)  Cross  Section 
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Fig.  8.  Magnesium  Average  Logarithmic  Energy  Decrement,  g 
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Fig.  9.  Magnesium  y 


Fig.  10.  Titanium  Total  Cross  Section 
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Fig.  21.  Vanadium  Elastic  Scattering  Cross  Section 
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Fig.  30.  Molybdenum  Smooth  Total  Cross  Section 


Fig.  34.  Molybdenum  Smooth  (n.y)  Cross  Section 


INELASTIC, 


Fig.  39.  Gadolinium  Smooth  Elastic  Scattering  Cross  Section 
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Fig.  44.  Gadolinium  Average  Elastic  Scattering  Cosine, 
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Fig.  45.  Gadolinium  Average  Logarithmic  Energy  Decrement,  5 


46 


.  1  1  1  Mill 

— 1  1 1  mil 

- TTTTTTn 

— 1  '1  rnm 

-TTTTTTn 

— 1  1 rrnn 

TTTTTTn 

— 1  1 1 mn 

—TTTTTTn 

1  1 1 1  III) 

— 1  )  null 

o 

ro 

g 

H  7.200-003 
< 

S 

s 

g 

z 

»j 

o 

o 

< 

CD 

1  5.600-003 

S 

< 

CD 

4.000-003 

z 

E 

Xr. 

E 

E 

_ iL 

E 

= 

I 

-  >  llllll 

L  LLUIU 

\  muii 

1  mm 

t  Mini 

. lit 

1  LlUll 

1  IIHU 

»  imn 

\  mm 

\  I 

1  lllUfl 

-3  -2  -1012  3  4  5  6  7  8 

ENERGY,  eV 


112-8788 


Fig.  46.  Gadolinium  y 


B .  Cross  Sections  Calculated  from  Resonance  Parameters 

The  total,  elastic,  and  capture  cross  sections  as  calculated  from  the 
single-level  Breit-Wigner  resonance  parameters  in  ENDf/b  File  2  are  pre 
sented  for  molybdenum  in  Figs.  47-49  and  for  gadolinium  in  Figs.  50-52. 
The  small  portions  of  the  molybdenum  curves  below  4  eV  should  be  ignored 
since  the  resonance  calculations  begin  at  4  eV.  The  very  large  cross  sec¬ 
tions  for  gadolinium  at  energies  below  0.2  eV  are  shown  in  detail  on 
Figs.  53-55. 


Fig.  47 

Molybdenum  Total  Cross  Section 
from  Resonance  Parameters, 
4-1000  eV 


CAPTURE  CROSS  SECTION  FROM  RESONANCE  PARAMETERS 


ENERGY.  eV  (MO.  MAT.  1025) 


ENERGY.  eV  (GO.  MAT.  1030} 


TOTAL  CROSS  SECTION  FROM 
RESONANCE  PARAMETERS,  b 
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C  .  Elastic  Scattering  Angular  Distributions 

Figures  56-65  show  typical  elastic  scattering  angular  distribution 
plots  for  the  five  materials.  The  normalization  of  the  probability,  P(cos  9), 
is  such  that 


P(m)  dM  =  1- 


where  /i  =  cos  6.  Plots  for  an  energy  near  1  MeV  and  for  the  highest 
energy  used  are  given  for  each  material.  If  data  for  all  energies  at  which 
angular  distributions  are  presented  in  File  4  were  plotted,  169  graphs  would 
result. 


Fig.  56 

Magnesium  Elastic  Scattering  Angular 
Distribution  at  0.991  MeV 
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cos  OF  THETA. <V, MAT.  1017) 


COS  OF  THETA  (MO, MAT.  1025) 
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Fig.  61.  Vanadium  Elastic  Scattering  Angular 
Distribution  at  15  MeV 
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Fig.  63.  Molybdenum  Elastic  Scattering 
Angular  Distribution  at  15  MeV 
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Fig.  62.  Molybdenum  Elastic  Scattering 
Angular  Distribution  at  1  MeV 


112-9181 

Fig.  64.  Gadolinium  Elastic  Scattering 
Angular  Distribution  at  1  MeV 
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Fig.  65 

Gadolinium  Elastic  Scattering 
Angular  Distribution  at  15  MeV 


112-9184 


D ,  Secondary-energy  Distributions 


The  differential  inelastic  scattering  cross  section  in  ENDF/b  is 


written  as' 


da 

dE 


(E'  -E)  =  a(E)p(E'  -E), 


where 

NK 

p(E'  <-E)  =  ^  pj^(E)f^(E'  -E), 
k=i 


and  NK  is  the  number  of  laws  considered.  For  scattering  to  a  resolved 
level,  fk(E'  E)  =  6(E'  -  E  +  which  is  law  LF  =  3  in  ENDF/B;  for 
scattering  to  the  continuum,  f^(E'  E)  =  (E'/q^)  exp(-E'/0),  where 
6  -  0(E)  and  is  tabulated  (law  LF  =  9).  Probabilities,  pj^(E),  are  plotted 
against  E  in  Figs.  66-70  for  scattering  to  the  four  resolved  levels  and 
the  continuum  in  magnesium.  The  nuclear  temperature,  0(E),  for  inelastic 
scattering  in  magnesium  is  plotted  against  E  in  Fig.  71.  For  the  (n,Zn)  re¬ 
action,  we  consider  scattering  to  the  continuum  only.  Thus  there  is  one 
scattering  law  having  LF  =  9  for  which  a  plot  of  0(E)  vs  E  for  magnesium 
is  given  in  Fig.  72. 
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ENERGY,eV(M6, MAT.  1014) 
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Fig.  70.  Magnesium- -Probability  for  Inelastic 
Scattering  to  the  Continuum 
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Fig.  72.  Magnesium--0(E)  for  the  (n,2n)  Reactio: 


INELASTIC  0(E)  FOR  MAXWELLIAN 

4  000*005  7200*005  1.040*006  1.360*006 _ 1.680*006 


ENERGY,eV(MG,MAT.  1014) 
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Fig.  71.  Magnesium--0(E)  for  Inelastic  Scattering 
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Figures  73-79i  80-86,  and  87-93  present  data  for  titanium,  vanadium, 
and  molybdenum,  respectively,  similar  to  those  given  for  magnesium  in 
Figs.  66-72.  A  plot  of  0(E)  vs  E  for  the  (n,3n)  reaction  in  molybdenum  is 
presented  in  Fig.  94.  The  (n,3n)  reaction  involves  one  LF  =  9  law  just  as 
the  (n,2n)  reaction  does.  Finally,  Figs.  95-97  are  plots  of  0(E)  vs  E  for  in¬ 
elastic,  (n,2n),  and  (n,3n)  reactions,  respectively,  in  gadolinium.  Since  no 
resolved  levels  were  considered  for  inelastic  scattering  in  gadolinium,  no 
probabilities  are  plotted. 
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Fig.  73.  Titanium- -Probability  for  Inelastic 
Scattering  to  the  First  Level 


Fig.  74.  Titanium--Probability  for  Inelastic 
Scattering  to  the  Second  Level 
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Fig.  75.  Titanium- -Probability  for  Inelastic 
Scattering  to  the  Third  Level 


Fig.  76.  Titanium--Probability  for  Inelastic 
Scattering  to  the  Fourth  Level 
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Fig.  81.  Vanadium --Probability  for  Inelastic  Scattering 
to  the  Second  Level 


Fig.  82.  Vanadium--Ptobability  for  Inelastic  Scattering 
to  the  Third  Level 
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Fig.  83. 

Vanadium--Probability  for  Inelastic  Scattering 
to  the  Fourth  Level 

Fig.  84.  Vanadium--Probability  for  Inelastic  Scattering 
to  the  Continuum 
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Fig.  85.  Vanadium--6(E)  for 


Fig.  86.  Vanadium--9(E)  for  tlie 


Inelastic  Scattering 


(n,2n)  Reaction 
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Fig.  87.  Molybdenum--Probability  for  Lielastic  Fig.  88.  Molybdenum--Probability  for  Inelastic 

Scattering  to  the  First  Level  Scattering  to  the  Second  Level 
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ENERGY, eV, (MO  MAT,  1025) 


112-9551  112-9549 

Fig.  89.  Molybdenum--Probability  for  Inelastic  Fig.  90.  Molybdenum--Probability  for  Inelastic 
Scattering  to  the  Third  Level  Scattering  to  the  Fourth  Level 
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Fig.  91.  Molybdenum— Probability  for  Inelastic  Fig.  92.  Molybdenum— ©(E)  for  Inelastic 
Scattering  to  the  Continuum  Scattering 
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Fig.  97 

Gadolinium--6(E)  for 
the  (n,3ii)  Reaction 


112-9538 


VIII.  endf/b  listings 

The  data  in  the  ENDF/b  format  for  magnesium,  titanium,  vanadium, 
molybdenum,  and  gadolinium  are  listed  in  Appendixes  A,  B,  C,  D,  and  E, 
respectively.  These  are  the  versions  containing  all  the  modifications  that 
were  made  in  the  summer  of  1967  and  were  distributed  in  September  1967 
on  endf/b  Tape  114.  The  listings  will  not  be  explained  here  since  all  in¬ 
formation  necessary  for  understanding  the  formats  involved  is  given  in 
Ref.  3, 


APPENDIX  A 


ENDf/b  Listing  for  Mag  nesium 
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12000,0  2.4101E+01  000  01014  1451  1 

o.n  O.o  n  0  20  01014  1451  2 

MAGNESIUM  CROSS  SECTIONS  MATERIAL  1014  1014  1451  3 

THIS  EVALUATION  IS  BASED  PRIMARILY  ON  UNC-5002  BY  N.TRALLI  ET  AL,  1014  1451  4 

THIS  DATA  WAS  PREPARED  BY  E , PENM NGTON. A ,N . L . « I N  SEPTEMBER  1966.  1014  1451  5 

THE  following  MODIFICATIONS  WERE  MAUE  OF  THE  DATA  FROM  THE  PPIMARY1014  1451  6 

SOURCE-!-  1014  1451  7 

TOTaL»SCATTERING, AND  CAPTURE  CROSS  SECTIONS  HERE  EXTENDED  DOWN  TO1014  1451  8 

,001  EV  ON  the  BASIS  OF  CONSTANT  SCATTERING  AND  1/V  CAPTURE.  1014  1451  9 

NEW  TCTAL  AMD  HENCE  ELASTIC  SCATTERING  CROSS  SECTIONS  WERE  USED  1014  1451  10 

IN  THE  RANGE  FROM  2,3  TO  8,5  MEV, BASED  ON  aN.-325,VOi.  l.MAY  1964,1014  1451  11 

THE  (N.MP)  CROSS  SECTION  WAS  ADDED  TO  THE  INELASTIC  SCATTERING  1014  1451  12 

CROSS  section.  1014  1451  13 

VALUES  OF  MU  BAR  LAB, XI, AND  GAMMA  WERE  CALCULATED  FrDM  THE  1014  1451  14 

LEGENDRE  EXPANSION  COEFFICIENTS,  1014  1451  15 

NEW  LEGENDRE  COEFFICIENTS  WERE  CALCULATED  AT  14,0  AND  IB.O  MEV,  1014  1451  16 

BASED  ON  A8ACUS''2  PROBLEMS,  1014  1451  17 

NUCLEAR  temperatures  WERE  ESTIMATED  FOR  CONTINUUM  INELASTIC  1014  1451  18 

SCATTERING  AND  (N»2N)  REACTIONS,  1014  1451  19 

parameters  FOP  THE  FREE  GAS  THERMAL  SCATTERING  LAW  WERE  I NCLUDED , 1 014  1451  20 

MO  resonance  parameters  are  I NCL UDED , E I THER  here  or  IN  UNC-5002,  1014  1451  21 

SINCE  THE  RESONANCES  ARE  SUCH  THAT  SELF-ShIElDING  IS  UNIMPORTANT ,1014  1451  22 
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2,9900E+05 
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01016 

01016 

1016 


22nun.i!  4,7468t  +  0l  0  0  u 

0  , 0  .  0  0  0 

titanium  C^OSS  sections  mATEKIAL  1016 
This  evaluation  is  BASED  PRiMAHiLY  ON  UNC-500  2  BY  N.T-<ALLI  ET  AL.  1016 
AND  THE  ^'OOIFIrATION  OF  THE  UNC-5un2  DATA  GIVEN  IV  AWRE  0-77/6A.  1016 

WHICH  IS  ALSO  TN  ENDF/A  , 

THIS  DATA  WAS  F'HEPaRED  8Y  E  .  PENM  ng  TON,  A .  n  .  L  . .  I  N  SEPTEMBER  1966, 
REVISIONS  OF  SOME  FILE  3  DATA  WERE  MADE  IN  JUNE  1967. 


I'tSl 
lA^l 
1A51 
1A51 
1A51 
1016  1A51 
1016  1A51 
1016  1A51 


with  an  assumed  gamma  gamma  of  0.7d  EV,,ALOn3  with  the  1/V  1016 
CONTRIBUTION  mECESSAHY  TO  GIVE  AGRtEHEivT  AT  D,0?53  EV,  THE  4.18  1016 
KEV.  RESCi  jAMCf  in  TI-48  WAS  OMITTED  IN  THESE  CALCULATIONS  AS  ITS  1016 
parameters  do  NOT  AGREE  *<ITH  THE  TOTAL  CROSS  SECTION  CURVE  IN  1016 
REF.l.  from  22.5  KEV.  TO  ALMOST  1  MEV.,ThE  CAPTURE  CROSS  SECTION  1016 
WAS  READ  from  the  GRAPH  ON  P.22-U-7  OP  REF.l.  AT  HlGwER  ENERGIES  1016 
THE  UNC-5tli)2  VALUES  WERE  USED.  IN  ThE  REGIO.'.  OF  THE  RESONANCE  1016 
PARAMETER  C ALCLL A T I ONS , THE  CAPTURE  CROSS  SECTION  IS  IN  GENERAL  1016 
OUITE  D1FFEME^'T  PROM  ThaT  IN  UNC-5002.  THE  UNC-5002  VALUES  ARE  1016 
BASED  ON  old  resonance  PARAMETERS  WHICH  HAVE  BEEN  GREATLY  1016 
REVISED.  1016 
THE  TCTAL  CROSS  SECTION  UP  TO  1(10  eV,  WAS  OBTAINED  BY  ADDING  THE  1016 
SCATTERING  CROSS  SECTION  FROM  LnC-5002  TO  ThE  CAPTURE  CROSS  1016 
SECTION, EXCEPT  THAT  THE  SCATTERING  CROSS  SECTION  WAS  ASSUMED  1016 
CONSTANT  AT  4,13  BARNS  BELOW  1,5  EV,  PROM  100  EV.TO  2.5  KEV,  THE  1016 
UNC-'SOO?  TOTaI  CROSS  SECTION  WAS  USED.  FROM  2.5  KEV,  TO  ALMOST  1016 
220  KPV. .VALUES  OF  SIGMA  TOTAL  WERE  READ  FROM  THE'  GRAPHS  UN  P,  1016 
22^0-2,22-0-3  AND  22-0-4  OF  HEF.l.  THE  UNC-50U2  VALUES  WERE  USED  1016 
ABOVE  220  KEV. .EXCEPT  IN  THE  REGION  OF  2.4  TD  15  MEV.  WHERE  1016 
VALUES  WERE  READ  FROM  THE  FIGURES  ON  P.22-0-5  OF  REF.l.  1016 
ABOVE  mo  EV.,THE  SCATTERING  CROSS  SECTION  WAS  OBTAINED  BY  1016 
subtracting  other  CROSS  SECTIONS  FROM  SIGMA  TOTAu,  1016 
VALUES  OF  MU  RAR  LAB, XI, AND  GAMMA  WERE  CALCU.ATED  FRDM  THE  1016 
LEGENDRE  EXPANSION  COEFFICIENTS,  1016 
NEW  LEGENDRE  CtJEFF  I C I  ENTS  WERE  CALCULATED  AT  14,0  AND  13.0  MEV,  1016 
BASED  ON  ABACUS-2  PROBLEMS,  1016 
NUCLEAR  TEMPERATURES  WERE  ESTIMATED  FOR  CONTINUUM  INELASTIC  1016 
SCATTERING  ANp  (N,2N)  REACTIONS.  1016 
parameters  for  the  free  GAS  thermal  scattering  law  were  INCLUDED, 1016 
NO  resonance  parameters  are  INCLUDED, either  HERE  OR  IN  THE  1016 
PRIMARY  SOURCES, SINCE  ThE  RESONANCES  ARE  SUCH  THAT  SELF-SH 1  ELD  I NQl 016 
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VANADIUM  C^^OSS  SECTIONS  MATeHIAL  1U17  1017 

this  is  essentially  a  new  evaluation,  1017 

THIS  DATA  WAS  PREPARED  bY  E , PENM WGTON, A . N , L . , I N  SEPTEMBER  1966.  1017 

REVISIONS  IN  TmE  DATA  i«ERE  MADE  IN  JUNE  1  967.  1017 

THE  SOURCES  OF  THE  DATA  ARE  AS  FOLLOWS-^  1017 

THE  CAPTURE  C»USS  SECTION  WAS  TANEN  AS  1/V  U^  TO  1.6  EV. .BASED  1017 


ON  A  VALUE  or  6.06  WARNS  AT  0.0?53  FV,  FROM  5NL-325, SUPPLEMENT  2,1017 


VOL.IIA  (REF.l),  FROM  1.5  EV.  UP  TO  22.6  kEV.,THE  CAPTURE  CROSS  1017 
SECTION  WAS  CALCULATED  FROM  HaHaHETERS  FOR  TME  FIRST  TWO  1017 
resonances  IN  v-5n  and  the  FIRST  6  resonances  in  V-51  AS  GIVEN  1017 
IN  REF,1,ALOno  with  TEE  1/V  CONTRIBUTION  REOJIREO  TO  AGREE  WITH  1017 
THE  EXPERIMENTAL  CROSS  SECTION  Af  0,0263  EV,  VALUES  OF  0,60  AND  1017 
0.75  EV.  nfRE  assumed  FoR  GAMMA  Gamma  for  Th=  v-5n  AND  V-61  1017 
RESONANCES, respectively.  THESE  VALUES  WERE  SUGGESTED  BY  1017 


KAPCHIGASHEV  to  give  agreement  WITH  HIS  BROaD  RESOLUTION  MEASURE-1017 
RENTS  OF  capture  CROSS  SECTION  SHOWN  ON  P. 23-0-3  OF  REF.l,  ABOVE  1017 
22,5  KEV.  UP  TO  2  MEV.,THE  CAPTURE  CROSS  SECTION  WAS  READ  FROM  1017 
The  SMOOTH  CURVE  FOR  V-51  CM  P, 23-61-6  OF  REF.l,  A  17E  DEPENDENCE! 017 
WAS  ASSUMED  AT  HIGHER  ENERGIES.  1017 
THE  TOTAL  CROSS  SECTION  BELOW  100  EV,  WAS  CALCULATED  AS  THE  SUM  1017 
OF  CAPTURE  ANO  SCATTERING  CROSS  SECTIONS.  FROM  loO  EV.  TO  ABOUT  1017 
2  KEV. .SIGMA  TOTAL  WAS  READ  FROM  RNL-325.SECDND  ED  I T I  ON ,( JULY  1,  1017 
1958)  (REF. 2).  ABOVE  2  KEV.  UP  TU  220  6EV. .VALUES  WERE  READ  FROM  1017 


THE  GRAPHS  ON  p, 23-0-3  AND  23-0-4  UF  REF.l.  VALUES  FROM  REF, 2  1017 
WERE  THEN  USED  UP  TO  ABOUT  n-4  ME V ,, FOLLOWED  BY  VALUES  FROM  1017 
P, 23-0-5  AND  23-0-6  OF  REF.l  AT  mIGhER  ENERG I ES, EXCEPT  FOR  THE  1017 
RANGE  FROM  1 .  ,T  TO  2,0  MEV.  IN  WHICH  REF. 2  VALUES  WERE  USED,  1017 
A  value  of  5,n  BARNS  WAS  USED  FoH  THE  ELASTIC  SCATTERING  CROSS  ioi7 
SECTION  BELOW  lOO  EV.  AT  ALL  HIGHER  ENERGIES, THE  ELASTIC  1017 
SCATTERING  CROSS  SECTION  WaS  OBTAINED  BY  SUBTRACTING  ALL  OTHER  1017 
CROSS  sections  from  THE  total.  1017 
INELASTIC  scattering  CROSS  SECTIONS  TO  FOUR  i.EVELS  WERE  COMPUTED  1017 
UP  TO  2,4  MEV,  USING  THE  ABACUS  2-NEaRREX  OPTICAL  MODEL  CODE,  1017 
FROM  2.4  TO  6.(1  MEV. .The  INELASTIC  CROSS  SECTION  WAS  ESTIMATED.  1017 
ABOVE  5  MEV. .CROSS  SECTIONS  FOR  OTHER  REacTIJNS  wERE  SUBTRACTED  1017 
FROM  THE  OPTICAL  MODEL  REACTION  CROSS  SECTIOX.  1017 
NUCLEAR  temperatures  FOR  UNRESOLVED  INELASTIC  SCATTERING  WERE  1017 
CALCULATED  AS  IN  Y I FTAH-UKRENT-MULUaUER .  1017 
THE  (N,2N)  CROSS  SECTION  WAS  CALCULATED  ACCORDING  TO  PE ARL S T E I N-Sl 0 1 7 
METHOD  (N. S.E. 23, 238-250(1965) ), RENORMALIZED  TO  PASS  THROUGH  A  ioi7 
SINGLE  EXPERIMENTAL  POINT.  1017 


THE  experimental  (N.P)  cross  SECIIUN  from  nuclear  data. SECTION  A, 1017 
V0L.1.N0.2, (FFB,1966)  WaS  USED, WITH  THE  LOW  ENERGY  PORTION  BEING  1017 
ESTIMATED,  1017 

THE  (N, ALPHA)  CROSS  SECTION  WAS  HEAD  FROM  TH=  SMOOTH  CURVE  ON  1017 

P.23-51-8  OF  REF.l, WITH  THE  LOW  ENERGY  PORTION  BEING  ESTIMATED.  1017 
ELASTIC  SCATTERING  LEGENDRE  COEFFICIENTS  (C.M,)  wERE  DETERMINED  1017 

FROM  EXPERIMEmTAL  DATA  IN  ANL-5PU0»2ND  ED  I T I  ON , E I G , 2 -61  (1963)»  1017 

WITH  INELASTIC  SCATTERING  CORREC T I UNS, UP  TO  ABOUT  1,9  MEV,  AT  1017 
HIGHER  energies, COEFFICIENTS  WERE  DERIVED  FROM  THE  OPTICAL  MODEL  1017 
CALCULATIONS.  1017 

values  of  mu  bar  LAB. XI, and  GAMMA  WERE  CALCULATED  FROM  THE  1017 

LEGENDRE  COEFFICIENTS,  1017 

parameters  for  THE  FREE  GAS  THERMAL  SCATTERING  LAW  WERE  I NCLUDED , l 0l7 
NO  RESONA'mCE  parameters  WERE  INCLUDED  AS  SELF-SHIELDING  OF  THE 
RESONANCES  IS  UNIMPORTANT. 
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9.94496-01 

8,36306-02 

3,49006-03 

1,00006-041017 

4  2 

554 

0  .OOOOE  +  On 

0  .nOOQE  +  00 

0 .00006  +  00 

0,00006+00 

0,00006+00 

O.OOOOE+001017 

4  2 

555 

0 ,0000E+00' 

-6.00006-05 

2.70006-03' 

-7,36606-02 

9,92936-01 

9,34606-021017 

4  2 

556 

4,3700E-03 

1. 30006-04 

0 .00006  +  00 

0,00006+00 

0,00006+00 

0,00006+001017 

4  2 

557 

0,0000E+00 

0,00006+00 

0.00006+00+9,00006-05 

3,48006-03-8,34906-021017 

4  2 

558 

95 


9,9117E-01 

1,0326E-D1 

5.34006-03 

1.8000E-04 

D, OOOOE+OO 

0,00006+001017 

4 

2 

559 

0  .OQOOE  +  Qfl 

0  .flOOOE  +  00 

O.OOOOE+00 

0, OOOOE  +  OO 

0  iOOOOE  +  00- 

1,30006-041017 

4 

2 

560 

4,3500E-03-9.3290E-o2 

9.89226-01 

1,1302E-01 

6,4100E-03 

0,00006+001017 

4 

2 

561 

O.OOOOE+00 

0,00005+00 

0 .00006  +  00 

0. OOOOE  +  OO 

0, OOOOE  +  OO 

0,00006+001017 

4 

2 

562 

0,0000E  +  0(1’ 

-1,BOOOE-04 

5.33006-03* 

■1,0305E-01 

9,8708E-01 

1,22766-011017 

4 

2 

563 

0  •OOOOE  +  00 

0,00005+00 

0.00006+00 

0  .OOOOE  +  OO 

0  ,  OOOOE  +  OO 

0.00006+001017 

4 

2 

564 

0,OOOOE+OQ 

0  ,ooooe+oo 

1.00006-05* 

■2,4000E-04 

6,4000E-03- 

1,12776-011017 

4 

2 

565 

9,8474E-^01 

1017 

4 

2 

566 

0,0 

0,0 

0 

0 

1 

421017 

4 

2 

567 

42 

3 

1017 

4 

2 

568 

0,0 

1, 00005^03 

0 

0 

1 

01017 

4 

2 

569 

0  .OOOtlE  +  00 

1017 

4 

2 

570 

0,0 

3.0000E+04 

0 

0 

1 

01017 

4 

2 

571 

0  iQOOOE  +  00 

1017 

4 

2 

572 

0  ,  0 

6,4000E+04 

0 

0 

1 

01017 

4 

2 

573 

2,OOOOE-03 

1017 

4 

2 

574 

0 , 0 

l,5eOOE+05 

0 

0 

2 

01017 

4 

2 

575 

1,6oOOE-D2' 

•1 , 000OE"»03 

1017 

4 

2 

576 

0,0 

2,4800E+05 

0 

0 

2 

01017 

4 

2 

577 

4,4000E-02 

0  .  OOOOE  +  OO 

1017 

4 

2 

578 

0 , 0 

3,3200E+05 

0 

0 

2 

01017 

4 

2 

579 

6,0O00E-02 

7,n000E'’03 

1017 

4 

2 

580 

0  , 0 

4,n800E+05 

0 

0 

3 

01017 

4 

2 

581 

9,0000E^02 

3.1.000E-02! 

'1. 00006-03 

1017 

4 

2 

582 

0 , 0 

4,96005+05 

0 

0 

3 

01017 

4 

2 

583 

1,5100E-01 

5,fl000E'»02 

0.00006+00 

1017 

4 

2 

584 

0 , 0 

5,ft000E+05 

0 

0 

3 

01017 

4 

2 

585 

1,3200E''01 

8,40005+02 

0.00006+00 

1017 

4 

2 

586 

0,0 

6,6200E+05 

0 

0 

3 

01017 

4 

2 

507 

1,0700E-01 

9,9000E-02 

0  .OOOOE  +  Oo 

1017 

4 

2 

580 

0,0 

7,34000+05 

0 

0 

4 

01017 

4 

2 

589 

1,6900E-01 

1.0600E+01 

1.00006-03 

1,OOOOE-03 

1017 

4 

2 

590 

0  ,  0 

8,l800E+05 

0 

0 

4 

01017 

4 

2 

591 

1,1600E-01 

l,4500E-0l 

1,00006-03 

2,O000E-03 

1017 

4 

2 

592 

0,(1 

8,9400E+05 

0 

0 

4 

01017 

4 

2 

593 

1,2900E-01 

1 .4700E-01 

4.00006-03 

3.0000E-03 

1017 

4 

2 

594 

0  .  tj 

9,8200E+05 

0 

0 

4 

01017 

4 

2 

595 

1,8900E-01 

1,B000E+01 

6.00006-03 

5,OOOOE-03 

1017 

4 

2 

596 

0,0 

1 ,  n560E  +  06 

0 

0 

4 

01017 

4 

2 

597 

1 ,5100E-01 

1,9300E-01 

9.00006-03 

8.0000E-03 

1017 

4 

2 

598 

0,0 

l,l360E+06 

0 

0 

4 

01017 

4 

2 

599 

1,5800E-01 

1 ,9900E-01 

1 ,3000E-02 

1 ,0000E-02 

1017 

4 

2 

600 

0,0 

i,2200E+06 

0 

0 

4 

01017 

4 

2 

601 

l,e200E-Gl 

2,1400E-01 

1.80006-02 

1,300QE-02 

1017 

4 

2 

602 

0 , 0 

l,3020E+06 

0 

0 

4 

01017 

4 

2 

603 

1 ,6800E-01 

2. 28005^01 

2.40006-02 

1.6000E-D2 

1017 

4 

2 

604 

0 , 0 

1,3800E+06 

0 

0 

4 

01017 

4 

2 

605 

2,0900E-Q1 

2,4400E“01 

3.00006-02 

1.9000E-02 

1017 

4 

2 

606 

0,0 

1 ,4620E  +  06 

0 

0 

4 

01017 

4 

2 

607 

2,1500E-01 

2,5700E-01 

3.70006-02 

2,3000E-02 

1017 

4 

2 

606 

0 , 0 

l,5420e+06 

0 

0 

4 

01017 

4 

2 

609 

2,3600E'-Q1 

2.41006-01 

4.5O0o6-02 

2,7000E-02 

1017 

4 

2 

610 

0,0 

1.6280E+06 

0 

0 

4 

01017 

4 

2 

611 

2,2900E-01 

2.63006-01 

5.30006-02 

3.1000E-02 

1017 

4 

2 

612 

0  , 0 

1,70206+06 

0 

0 

4 

01017 

4 

2 

613 

2,7900E-01 

2. 71006-01 

6.20006-02 

3,5000E-02 

1017 

4 

2 

614 

0,0 

1.78206+06 

0 

0 

4 

01017 

4 

2 

615 

2,7000E-01 

2.7100E-01 

7.30006-02 

4,1000E-02 

1017 

4 

2 

616 

0,0 

2. 00006  +  06 

0 

0 

5 

01017 

4 

2 

617 

3,5667E-01 

3.28296-01 

1.52766-01 

4,26l0E-02 

l,4500E-03 

1017 

4 

2 

618 

0,0 

2.2Q00E+06 

0 

0 

6 

01017 

4 

2 

619 

3,9595E-01 

3 . 4530E-01 

1.77326-01 

5,10106-02 

2,16006-03 

6,0000E-041017 

4 

2 

620 

96 


0 .  n 

2,4000E+06 

0 

0 

6 

01017 

4 

2 

621 

4.3l09E-0i 

3.8903E-01 

1.99556-01 

5.92606-02 

3,10006-03 

0,90006-041017 

4 

2 

622 

t) ,  n 

2,4000E+06 

0 

0 

6 

01017 

4 

2 

623 

4,6371E-01 

3.A520E-01 

2.20166-01 

6,69306+02 

4,38006-03 

1,20006+031017 

4 

2 

624 

0  .  0 

?.'»nnoE+o6 

0 

0 

6 

01017 

4 

2 

625 

4,9519E-D1 

3,7937E-01 

2.39866-01 

7.58606+02 

6,06006-03 

1,72006-031017 

4 

2 

626 

0  .0 

3,noooE+n6 

0 

0 

7 

01017 

4 

2 

627 

5,2450E-01 

3.9334E-01 

2.58246-01 

8,51306-02 

3,25006-03 

2,39006-031017 

4 

2 

628 

3,0n0nE“04 

1017 

4 

2 

629 

0  .  0 

4,n000E+06 

0 

0 

7 

01017 

4 

2 

630 

6,3325F“Ltl 

4.'5920E-01 

3.29926-01 

1.3618E+01 

2,82706-02 

9,3700E+031017 

4 

2 

631 

1,6600E-03 

1017 

4 

2 

632 

0  ,  0 

5.n000E+06 

0 

0 

8 

01017 

4 

2 

633 

7,0199E-01 

5.2473E-01 

3.82506-01 

1.9416E-01 

6,26406-02 

2.37906+021017 

4 

2 

634 

5,2300E-03 

8.1 OOOE-04 

1017 

4 

2 

635 

0 . 0 

6,nOOOE-t-06 

0 

0 

9 

01017 

4 

2 

636 

7,4n24E-0l. 

5.7461E-01 

4.18626-01 

2.4659E+01 

9,96606-02 

4,2o7oE-021017 

4 

2 

637 

1,1240E-02 

2,3600E-03 

5.70006-04 

1017 

4 

2 

638 

0 .  n 

7,n000^i  +  06 

0 

0 

9 

01017 

4 

2 

639 

7,6837E-’01 

6,11756-01 

4.47876-01 

2,9043F-01 

1,32606-01 

6,04006+021017 

4 

2 

640 

l,979oE-n? 

5.3100P“03 

1.44on6-03 

1017 

4 

2 

641 

o.n 

8.n000E+06 

0 

0 

10 

01017 

4 

2 

642 

7.8532E-01 

6.3479E-01 

4.71266-01 

3,23978-01 

1,61006-01 

7,7o4o6-021017 

4 

2 

643 

3,0330E-02 

9.P800E-03 

3.20006-03 

3. 60006-04 

1017 

4 

2 

644 

0  .  fi 

9.noociE  +  o6 

0 

0 

10 

01017 

4 

2 

645 

7.9246E-01. 

6,4659E-01 

4.88616-01 

3,4747e-01 

1,85216-01 

9,09206-021017 

4 

2 

646 

4.1070E-02 

1.6180E-02 

6.01006-03 

5,9000E-04 

1017 

4 

2 

647 

n ,  n 

l.n000E+07 

0 

0 

10 

01017 

4 

2 

648 

7,9183E-01 

6.5061F-nl 

5.00216-01 

3,6356E-01 

2,05916-01 

1,03136-011017 

4 

2 

649 

5,1490E-02 

2.40606-02 

9.90006-03 

8,6000E-04 

1017 

4 

2 

650 

n .  0 

l,1000E+07 

0 

0 

11 

01017 

4 

2 

651 

7,e54eE-oi 

6.50196-01 

5.08176-01 

3.7642E-01 

2. 25226-01 

1.16376+011017 

4 

2 

652 

6,294t)E-0? 

3.42206-02 

1.52806-02 

1,35006+03 

6,70006-04 

1017 

4 

2 

653 

O.n 

1.90006+07 

0 

0 

12 

01017 

4 

2 

654 

7,7501E''01- 

6.47686-01 

5.14136-01 

3.8937E-01 

2.44906-01 

1,33076-011017 

4 

2 

655 

7.6580E-02 

4,74606-02 

2.25306-02 

2,6300E-03 

1,46006-03 

4,30006+041017 

4 

2 

656 

n  .0 

1.30006+07 

n 

0 

12 

01017 

4 

2 

657 

7,6213E-01. 

6.43976-01 

5.18706-01 

4.0346E-01 

2,65596-01 

1,53936+011017 

4 

2 

658 

9,2930E-0? 

6,37406-02 

3.24506-02 

5.26006-03 

3. 08006-03 

3,80006+041017 

4 

2 

659 

n  .n 

1.40006+07 

0 

0 

1? 

01017 

4 

2 

660 

7,4838E-01 

6.39026-01 

5.21246-01 

4,17766-01 

2,86336-01 

1,78086-011017 

4 

2 

661 

1,1138E-01 

8.22506-02 

4.54406-02 

1.01506-02 

5,87006-03 

1.6300e+0310l7 

4 

2 

662 

n .  n 

1.80006+07 

0 

0 

12 

01017 

4 

2 

663 

7,3524E-01 

6.32336-01 

5,20546-01 

4,29758-01 

3,05116-01 

2.02936-011017 

4 

2 

664 

1.3050E-01 

1.01226-01 

6.12406-02 

1,80206-02 

1,01306-02 

2.73006-031017 

4 

2 

665 

ti  .n 

0.0 

n 

0 

0 

01017 

4 

0 

666 

0,0 

0  .  0 

0 

0 

0 

01017 

0 

0 

667 

23000.0 

5.0504E+01 

0 

0 

5 

01017 

5 

4 

668 

0 .  n 

3.26006+05 

0 

3 

1 

181017 

5 

4 

669 

18 

3 

1017 

5 

4 

670 

3,2600E  +  Q‘5 

1. 00  006  +  00 

9,48006+05 

1.00006+00 

1,00006+06 

9.18206+011017 

5 

4 

671 

l,1000E+06 

8.Q660E-01 

1.20006+06 

8,78206-01 

1,30006+06 

8,59806-011017 

5 

4 

672 

1.4000E+n6 

8.43406-01 

1 .500n6+06 

8,28606-01 

l,6P00E+06 

8 .09206-011017 

5 

4 

673 

l,6410E+06 

8.00006-01 

1.70006+06 

7,18006-01 

1,80006+06 

6.12106+011017 

5 

4 

674 

1,8490E+0A 

5.98606-01 

1.90006+06 

5,39706+01 

2,00006+06 

4,75006-011017 

5 

4 

675 

2.2000E*08 

4,99206-01 

2.40006+06 

3,94206+01 

2,60006+06 

0.00006+001017 

5 

4 

676 

0,0 

9,48006+05 

0 

3 

1 

171017 

5 

4 

677 

17 

3 

1017 

5 

4 

678 

9.4800E+05 

0 .00006+00 

I.OOOOE+06 

8.1800F-02 

1,10006+06 

1,03406-011017 

5 

4 

679 

1,2000E+D6 

1.91806-01 

1.30006+06 

1.40206-01 

1,40006+06 

1,56606+011017 

5 

4 

680 

l,5000E+08 

1.71406-01 

1.60006+06 

1.90806+01 

1,64106*06 

2,00006+011017 

5 

4 

681 

l,7000E+06 

1,88506-01 

1.80006+06 

1,79406+01 

1.84906+06 

1,83106+011017 

5 

4 

682 

97 


1,9000E+D6 

1,7040Et01 

2.00006+06 

i,6470E'»01 

2,20006+06 

1,6680E  +  0H017 

5 

4 

683 

2.4000E+06 

l,6700E-0l 

2.6000E+06 

0,00006*00 

1017 

5 

4 

684 

0,D 

l,6410Ef06 

0 

3 

1 

91017 

5 

4 

685 

9 

3 

1017 

5 

4 

686 

1,6410E+06 

O.OOOOE-t-OO 

1.70006+06 

9,35006*02 

1,80006+06 

2.0850E-011017 

5 

4 

687 

l,8490E+06 

2.1830E-01 

1.90006+06 

2,05406-01 

2,00006+06 

2,0000E*011017 

5 

4 

688 

2,2000E+06 

2,i  550E-!01 

2.40006+06 

2,30106*01 

2,60006*06 

O.OOOOE+001017 

5 

4 

689 

0,0 

l.ft490E+06 

0 

3 

1 

61017 

5 

4 

690 

6 

3 

1017 

5 

4 

691 

1.8490E+06 

O.OOOOE+00 

1.90006+06 

8,45006*02 

2,00006+06 

1,6030E+011017 

5 

4 

692 

2,2000E+06 

1 , 8850E-0 1 

2.40006+06 

2,08706-01 

2,60006+06 

0,0000E+O010l7 

5 

4 

693 

0.0 

0.0 

0 

9 

1 

31017 

5 

4 

694 

3 

3 

1017 

5 

4 

695 

2,4000E+06 

O.OOOOE+00 

2.6OOO6+O6 

1,00006*00 

1,50006*07 

1,0000E*001017 

5 

4 

696 

0,0 

0,0 

0 

0 

1 

21017 

5 

4 

697 

2 

5 

1017 

5 

4 

698 

2,4000E+06 

7.00006+05 

1.50006+07 

1,75106*06 

1017 

5 

4 

699 

0.0 

0.0 

0 

0 

0 

01017 

5 

0 

700 

23000.0 

5,0504E+01 

0 

0 

1 

01017 

5 

16 

701 

0,0 

0.0 

0 

9 

1 

21017 

5 

16 

702 

2 

2 

1017 

5 

16 

703 

l,1040E+07 

l.OOOOE+00 

1.50006+07 

1,00006*00 

1017 

5 

16 

704 

0,0 

0.0 

0 

0 

1 

21017 

5 

16 

705 

2 

2 

1017 

5 

16 

706 

l,1040Ef07 

1,00006+05 

1.5000E+07 

1,38606*06 

1017 

5 

16 

707 

0,0 

0.0 

0 

0 

0 

01017 

5 

0 

708 

0,0 

0,0 

0 

0 

0 

01017 

0 

0 

709 

23000,0 

15.0504E  +  01 

0 

0 

0 

01017 

7 

4 

710 

0,0 

0,0 

0 

0 

12 

11017 

7 

4 

711 

0 .OOOOE+OO 

5,93006+01 

5.0504E+01 

1,50006*00 

0.0 

0,01017 

7 

4 

712 

1,QOOOE*00 

5.00006+00 

5.05046+01 

0,0 

0,0 

0.01017 

7 

4 

713 

0,0 

0.0 

0 

0 

0 

01017 

7 

0 

714 

0,0 

0.0 

0 

0 

0 

01017 

0 

0 

715 

0,0 

0.0 

0 

0 

0 

0  0 

0 

0 

716 

APPENDIX  D 


ENDF/b  Listing  for  Molybdenum 


42nOO,Q 

9.5066Et-0l 

1 

0 

u 

01025 

1451 

99 

1 

0.0 

0.0 

0 

0 

2b 

01025 

1451 

2 

MOLYBDENUM 

CROSS  SECTIONS  MATERIAL  1025 

1025 

1451 

3 

THE  PRIMARY 

SOURCE  FOR 

THIS  EVALUATION  IS  KFK 

*120  BY  J.J 

.SCHMIDT,  1025 

1451 

4 

THIS  DATA  WAS  PREPARED 

BY  E. PENNINGTON, A, N.L. 

,IN  0CT03ER 

1966.  1025 

1451 

5 

THE  FOLLOWING  MODIFICATIONS  WERE  MADE  OF  THE 

DATA  FROM  the  PRIMARY1025 

1451 

6 

SOURCE* 

1025 

1451 

7 

RESONANCE 

parameters 

FROM  JETP  i7 

,803,(1963) 

.PLUS  SOME 

SMOOTH  1025 

1451 

8 

CAPTURE  WERE  USED  FROM  4  EV.  TO  1 

K6V, 

1025 

1451 

9 

INELASTIC 

SCATTERING 

CROSS  SECTIONS  FROM  200 

KEV,  to  1, 

5  MEV,  FOR1025 

1451 

10 

FOUR  RESOLVED  LEVELS 

MERE  OBTAINED  FROM  A. 8. 

SMITH  AND  R 

.HAYES  <T01025 

1451 

11 

BE  PUBLISHED). 

1025 

1451 

12 

N*2N  AND  N 

-3N  CROSS  SECTIONS  WERE 

OBTAINED  FROM  S  , PE ARLSTE  I  N ,  SEE1025 

1451 

13 

N, S.E. 23. 238-950  (  1965)  . 

1025 

1451 

14 

THE  TOTAL 

CROSS  SECTION  WAS  EXTENOED  FROM  10 

TO  15  MEV, 

USING  1025 

1451 

15 

BNL-325  data. 

1025 

1451 

16 

THE  N-GAMMA  cross  SECTION  WAS  EXTENDED  FROM 

ID  TO  15  MEV#  USING  1025 

1451 

17 

1/E  behavior. 

1025 

1451 

18 

the  reaction  cross  section  was  ASSUMED  CONSTANT  FROM  10 

TO  15  MEV1025 

1451 

19 

THE  INELASTIC  SCATTERING  CROSS  SECTION  WAS  OBTAINED  ABOVE  THE  1025 

1451 

20 

N*2N  THRESHOLO  by  SUBTRACTING  OTHER  REACTIONS  FROM  THE 

REACTION  1025 

1451 

21 

CROSS  SECTION. 

1025 

1451 

22 

NUCLEAR  TEMPERATURES 

were  estimated  for  CONTINUUM  INELASTIC  1025 

1451 

23 

SCATTERING 

AS  IN  YIFTAH-OKRENT-MOLDAUER. 

1025 

1451 

24 

LEGENCRE  COEFFICIENTS 

FOR  ELASTIC 

SCATTERING 

WERE  OBTAINED  FROM  1025 

1451 

25 

H. ALTER  UP 

TO  6  MEV.ISEE  NAA-SR-11980  VOL ,  I V ) . ABOVE  6  MEV,  ABACUS1025 

1451 

26 

OPTICAL  MODEL  CALCULATIONS  PROVIDED  THE  COEF 

•ICIENTS, 

1025 

1451 

27 

VALUES  OF 

MU  BAR  LAB# 

XI, and  gamma 

WERE  CALCU 

i.ATED  from 

THE  1025 

1451 

28 

LEGENCRE  COEFFICIENTS 

f 

1025 

1451 

29 

PARAMETERS 

FOR  THE  FREE  GAS  THERMAL  SCATTERING  LAW  WERE 

INCLUDED, 1025 

1451 

30 

n  ,0 

0.0 

0 

0 

0 

01025 

1 

0 

31 

0.0 

0,0 

0 

0 

0 

01025 

0 

0 

32 

42000.0 

9,5066E+01 

0 

0 

6 

01025 

2151 

33 

42092,0 

1.5660E-01 

0 

0 

1 

01025 

2151 

34 

4,0000E+00 

l.OOOOE+03 

1 

1 

0 

01025 

2151 

35 

0,0O00E+O0 

6.6000E-01 

0 

0 

1 

01025 

2151 

36 

1,4487E-03 

0  .  OOOOE  +  OO 

0 

0 

6 

11025 

2151 

37 

3 ,4660E  +  02 

5,0000E-0l 

2. 88006-01 

2,8000E*D2 

2,6000E*01 

0.00006+001025 

2151 

38 

42095.0 

1.5700E-01 

0 

0 

1 

01025 

2151 

39 

4, ooooE+on 

1.00006+03 

1 

1 

0 

01025 

2151 

40 

2,5000E+00 

6.6000E-01 

0 

0 

2 

01025 

2151 

41 

l,4487E-03 

0  .  nOOOE+00 

0 

0 

36 

61025 

2151 

42 

4,5000E+01 

2.5000E+00 

3.85ooE-01 

1 .7500E*01 

2,1000E*01 

0,00006+001025 

2151 

43 

1.5900E+02 

2,50006+00 

2.73606-01 

1.3600E+02 

2,60D0E*01 

0,00006+001025 

2151 

44 

3,5820F+02 

2.5000^+00 

6.6000E-01 

4 .OOOOE+Ol 

2.6000E*01 

0 .00006+001025 

2151 

45 

5,5470E+02 

2.5000E+00 

3,80006-01 

1.2000E-01 

2,6000E-0l 

0,00006+001025 

2151 

46 

6,7930E+02 

2.5000E+00 

1.06006+00 

8.0000E-01 

2#6000E*01 

0,00006*001025 

2151 

47 

e.9600E+02 

2.5000E+n0 

7.40006-01 

4 .8000E+01 

2,6nOOE*Ol 

0.00006+001025 

2151 

48 

l,4487E-03 

o,noooE+oo 

1 

0 

42 

71025 

2151 

49 

1 .1080E+Q? 

2.5000E+00 

2.60166-01 

1 .6000E+04 

2,6000E*01 

0,00006+001025 

2151 

50 

1.1830E+02 

2.50006+00 

2.60136-01 

1,2500E*04 

2,6000E*01 

0,00006+001025 

2151 

51 

2.2000E+02 

2.50006+00 

2.61046-01 

1.0400E''03 

2,6000E*01 

0,00006+001025 

2151 

52 

2,4900E+02 

2. 50006  +  00 

2.6035E-01 

3,5000E*04 

2.6000E*01 

0,00006+001025 

2151 

53 

2,6730E+02 

2. 50006  +  00 

2.60826-01 

8,2000E+04 

2,6Q00E*01 

0,00006+001025 

2151 

54 

3,3500E+02 

2.5000E+00 

2. 62056-01 

2,0500E+03 

2,6000E*01 

0,00006+001025 

2151 

55 

4,800nE+02 

2.5000E+00 

2.65406-01 

5,4000E+D3 

2,6000E*01 

0,00006+001025 

2151 

56 

42096.0 

1.65006-01 

0 

0 

1 

01025 

2151 

57 

4,OOOOE+On 

l.n000E+03 

1 

1 

0 

01025 

2151 

58 

0,0000E+00 

6,60006-01 

0 

0 

2 

01025 

2151 

59 

1,4487E-03 

0,00006+00 

0 

0 

6 

11025 

2151 

60 

l,3ll0E+02 

5,nOOOE-01 

4.60006-01 

2,OOOOE*01 

2,6000E*01 

0,00006+001025 

2151 

61 

1,4487E-03 

0  .nooo6  +  oo 

1 

0 

6 

11025 

2151 

62 

100 


1,1450E+0? 

i.noooE+oo 

2.6075E-01 

7,5000E“04 

2,60U0E^01 

0.00006+001025 

2151 

63 

42n97.tl 

9,4500F-02 

0 

0 

1 

01025 

2151 

64 

4,OOOOE+On 

l.nOOOE+03 

1 

1 

0 

01025 

2151 

65 

2,5000E  +  fjr) 

6.8000E-01 

0 

0 

2 

01025 

2151 

66 

l,4487E-03 

0 .  noooE  +  00 

0 

0 

36 

61025 

2151 

67 

7,n900E+Ql 

2.8000E+00 

3.4750^-01 

1 .7500F-02 

3,30006-01 

0,00006+001025 

2151 

68 

2,8540E+0? 

2,8000E+00 

3.2400E-01 

6.4000E-02 

2,600nE^01 

0,00006+001025 

2151 

69 

3,9670E+0? 

2.8000E+00 

3.40006-01 

8  ,OOOOF-02 

2.60UOE-01 

0.00006+001025 

2151 

70 

5 ,0500E+o? 

?.'5oooE+no 

7.9nonE-oi 

5.3000F-01 

2,60006-01 

0,00006+001025 

2151 

71 

5,7600E+02 

2.5000E+00 

9.3000E-01 

6 .7000E’'01 

2.60U0E-U1 

0,00006+001025 

2151 

72 

7,8800E+0? 

2,8000E+00 

2.4100E+00 

2,1500E+00 

2,6000E-01 

0,00006+001025 

2151 

73 

l,4487E-03 

0  .nOOOE  +  00 

1 

0 

18 

31025 

2151 

74 

2,1000E+02 

2 .5000E+00 

2.6078E-01 

7.8000E-04 

2.6000E'-U1 

0 ,00006  +  001025 

2151 

75 

2.3000E+0? 

2,'50  0  0E  +  00 

2.6205E-U1 

2.0500F-03 

2,6n00E-01 

0 ,00006+001025 

2151 

76 

3,ll70F+02 

2.8000E+00 

2.6800E-01 

8.0000F-Q3 

2,6OD0E'-01 

O.OOOOE+001025 

2151 

77 

42098.0 

2.3750E-01 

0 

0 

1 

01025 

2151 

78 

4,GnonE+on 

l.OOOOE+03 

1 

1 

0 

01025 

2151 

79 

0,OOOOE+O0 

6.8000E-01 

0 

0 

2 

01025 

2151 

80 

1,4487E'03 

0  .  OOOOE  +  OO 

0 

0 

24 

41025 

2151 

81 

4.2970E+02 

5.nOOOE-Ol 

3.3000E-01 

7,0000E-02 

2,6000E-01 

0,00006+001025 

2151 

82 

4.670nE+0? 

5.n0O0F-01 

9.6000E-01 

7.0000E-01 

2,6000E-01 

O.nOOOE+001025 

2151 

83 

6,1200E+02 

5.n000E-01 

2.9500E-01 

3.50a0F“02 

2,6000E-Q1 

0,00006+001025 

2151 

84 

8,1600E+0? 

5.  nOOOE-Ol 

3.4000E-01 

8,UOOOF-02 

2,60U0E-01 

0,00006+001025 

2151 

85 

1.4487E-n3 

0  .  noooE  +  no 

1 

0 

6 

11025 

2151 

86 

l,2000E+ni 

l.OOOQE+on 

2. 0007E-01 

7.0000E-05 

2,  OODOE-01 

0 .00006+001025 

2151 

87 

4  2iof).n 

9.i«.200E-02 

0 

0 

1 

01025 

2151 

88 

4,OOOOE  +  Ot) 

l.nOOOE+03 

1 

1 

0 

01025 

2151 

89 

0,0O00E+0n 

6.  aOOOE-01 

0 

0 

2 

01025 

2151 

90 

l,4487E-03 

0 ,  noooE  +  00 

0 

0 

6 

11025 

2151 

91 

3,6300E+0? 

!5,nOOOE-Ol 

1 .26006  +  00 

l.OOOOE^OO 

2,6000E-U1 

0.00006+001025 

2151 

92 

1,4487E-Q3 

0  , OOOOE  +  OO 

1 

0 

6 

11025 

2151 

93 

9,9500E  +  0'l 

1. OOOOE  +  OO 

2.6056E-01 

5.6000E-04 

2.6000E-01 

0,00006+001025 

2151 

94 

o.n 

0.0 

0 

0 

0 

01025 

2 

0 

95 

0  *0 

0  . 0 

0 

0 

0 

01025 

0 

0 

96 

42000,0 

9.5066E+01 

0 

0 

0 

01025 

3 

1 

97 

0,0 

0  .  0 

0 

0 

1 

1311025 

3 

1 

98 

131 

5 

1025 

3 

1 

99 

1,OOODE-03 

1  ,l220E  +  0l 

l.OOOOE-0? 

8,4460E*00 

2.00(j0E-02 

7,68606+001025 

3 

1 

100 

2,5300E-0? 

7.7000E+00 

4.0000E-02 

7.4170E+00 

6,0n00E-U2 

7,16906+001025 

3 

1 

101 

B.OOOOE-O? 

7,n070E+00 

l.OOOOE-01 

6,9000E+00 

2,OOOOE-Ol 

6.58606+001025 

3 

1 

102 

4,OOOOE-Ol 

6,3260E+00 

6. onooE-01 

6.193i)E+00 

3, OOUOE-01 

6,10406+001025 

3 

1 

103 

1, ooooE+nn 

6.  n400E  +  00 

1.5000E+00 

5,9340E+00 

4,00DnE+00 

5,73806+001025 

3 

1 

104 

4 . OOOOE+OO 

6.1 600F-nl 

2.0000E+01 

5.0000E-01 

9.onooE+oi 

4.00006-011025 

3 

1 

105 

2,  OOOOE  +  02 

3 . 0  0  0  0  E  -  0 1 

3.00006+02 

6  ,  OOOOE-01 

5.7500E+02 

6,00006-011025 

3 

1 

106 

6,8500E+0? 

2.8000E+00 

7.4000E+0? 

2 ,50nOF  +  00 

7,7nonE+02 

2.36006+001025 

3 

1 

107 

e  ,  0000E  +  U2 

2.2300E+00 

8.50006+02 

2,0300E+00 

9,  OOOOE+02 

1,93006+001025 

3 

1 

108 

9,5000E  +  l)2 

1 .  «700E  +  0D 

1.  OOOOE  +  03 

1 ,850UE  +  00 

1,  OOCiOE  +  03 

7,63206+001025 

3 

1 

109 

1 .2700E+03 

9.n000E+00 

1.50006+03 

8  .OOOOF  +  00 

2.0n00E+03 

6,65006+001025 

3 

1 

110 

2,5000E+03 

6.6400E+00 

3.00006+03 

6 .650UF  +  00 

4,OOUOE+03 

6,68006+001025 

3 

1 

111 

5,0000E+03 

6.7000E+nO 

6.00006+03 

6 .7300E+00 

7.0000E+03 

6,76006+001025 

3 

1 

112 

B,OOOOE+03 

6.7900E+00 

9.00006+03 

6.8200E+00 

1.  OnOOE+04 

6,85006+001025 

3 

1 

113 

1,5000E+04 

7.O300E+00 

2.00006+04 

7 .260aE  +  00 

2.5nOOE+04 

7.50006+001025 

3 

1 

114 

3.0000E+04 

7.  AfiOOE  +  nO 

3.50006+04 

7  ,a200F  +  00 

4,OOOOE+04 

7.90006+001025 

3 

1 

115 

4 ,5000E  +  04 

7.9300E+00 

5,00006+04 

7,9500E+00 

6,  OOOOE  +  04 

8.0000E+001025 

3 

1 

116 

7,0000E'*-04 

8.n9ooF+no 

8 .00006  +  04 

R.3000F+00 

9. OnooE+04 

8,53006+001025 

3 

1 

117 

l.OnOOE+08 

B.8000E+OQ 

1.20006+05 

9  .OOOOE  +  OO 

1 .4000E+05 

9.10006+001025 

3 

1 

118 

1 ,6nooE+n8 

9.1 500E+00 

1.80006+05 

9.1700E*00 

2.0n0DE+05 

9.15006+001025 

3 

1 

119 

3,OOOOE+05 

8.87006+00 

4.00006+05 

8 .5100E  +  00 

4,5000E+05 

8,34006+001025 

3 

1 

120 

5.fl000E+05 

8 .1  700E  +  00 

5.500nE+05 

8.0100E+00 

6,onooE+o5 

7.85006+001025 

3 

1 

121 

6,5000E+08 

7.7000E+00 

7.00006+05 

7,550OE+n0 

7.5000E+05 

7.41006+001025 

3 

1 

122 

7.9000E  +  0‘5 

7,3020E+00 

8.20006+05 

7.2210e+00 

3,5000E+05 

7,14006+001025 

3 

1 

123 

9,OOOOE+05 

7.n200E+00 

9.5000E+05 

6.9000E^OD 

l,0nQOE+06 

6,78006+001025 

3 

1 

124 

101 


1 , 0500E  +  0^, 

6,A6a0E+00 

l.lOOOE+06 

6,540i)E  +  00 

1. 15006+06 

6.42006+001025 

3 

1 

125 

1 .20  0  0E  +  l)6 

a.toooe+oo 

1.25006+06 

6.217UE+00 

1,30006+06 

5.13506+001025 

3 

1 

126 

1  .SBOOE  +  Oi^ 

6,1530F+00 

1 .40  0  0^  +  06 

5.9700F+nO 

1 .45006+06 

5,88306+001025 

3 

1 

127 

1,5000E+06 

8,7950fc+00 

1.60006+06 

5.6200E+00 

1,80006+06 

5,32006+001025 

3 

1 

128 

2,0000E+06 

5. n700E+n0 

2.2000E+06 

4.83nOE+00 

2,40006+06 

4.62006+001025 

3 

1 

129 

2.6nooE+a^ 

4.4300E+0Q 

2.80006+06 

4,27006+00 

3,00006+06 

4,14006+001025 

3 

1 

130 

3,2000E+06 

4 ,  n600E  +  00 

3.40006+06 

3.980UE+00 

3,60006+06 

3.92006+001025 

3 

1 

131 

3 ,8000E+06 

3.ne00E+00 

4 .00006  +  06 

3,e600E+00 

4,50006+06 

3,85006+001025 

3 

1 

132 

5.ooonE-*-n^ 

3.a600E+00 

5.50Qo6+06 

3,88OOE+n0 

5,00006+06 

3,91006+001025 

3 

1 

133 

6,5000E  +  0/S 

3.<)400E  +  00 

6.88706+06 

3.9b32E+00 

6.95706+06 

3,96746+001025 

3 

1 

134 

7.n280E+06 

3,t)728E  +  0D 

7.10006+06 

3,96006+00 

7,17406+06 

3.98746+001025 

3 

1 

135 

7,327nE  +  0'S 

4,po27E+nO 

7.486n6+06 

4.0l86E+nO 

7 ,73806+06 

4,03906+001025 

3 

1 

136 

e,0080E+0ft 

4,  r!606£  +  00 

8.19906+06 

4,07596+00 

3,39906+06 

4, 09196+001025 

3 

1 

137 

8,609nE+P6 

4 . 1  i:)65E  +  n  0 

8 . 83006  +  06 

4,11986+00 

9. 06206+06 

4.13376+001025 

3 

1 

138 

9,3o7oE  +  ri'' 

4.1  484E  +  (io 

9. 5650 6  +  06 

4.16266+00 

9.83906+06 

4.17366+001025 

3 

1 

139 

l,Ql3nE'^0  7 

4.2052E+Q0 

1.04306+07 

4,21726+00 

1,07606+07 

4.22006+001025 

3 

1 

140 

1,1110E+07 

4.2156E+00 

1.14806+07 

4.20086+00 

1,20306+07 

4.18846+001025 

3 

1 

141 

1.275nE+n7 

4,1 65oE+no 

1 .35006  +  07 

4,10006+00 

1,43506+07 

3,93606+001025 

3 

1 

142 

l,465nE+07 

3,8700E+00 

1.50006+07 

3,80006+00 

1025 

3 

1 

143 

0 .  n 

0  .  n 

n 

0 

(1 

01025 

3 

0 

144 

42000  ,  n 

9,8066E+nl 

0 

0 

0 

01025 

3 

2 

145 

0 .  n 

0.0 

0 

0 

2 

1071025 

3 

2 

146 

6 

2 

107 

5 

1025 

3 

2 

147 

1, 00 00 E- 03 

5,ri0O0E  +  00 

1.50006+00 

5.00006+00 

4,00006+00 

5,00806+001025 

3 

2 

148 

4 , OOOOE+00 

0 .  fi  0  0  n  E  +  0  0 

1 .00006+03 

0,00006+00 

1,00006+03 

5,78006+001025 

3 

2 

149 

1 .27onE+n3 

8  .'3800E  +  00 

1.50006+03 

5,90706+00 

2,00006+03 

4,75006+001025 

3 

2 

150 

2,5000E+03 

4,B930E+Q0 

3. OOQOE+03 

4,98306+00 

4,00006+03 

5,14006+001025 

3 

2 

151 

5,OOOOE+03 

5..3800E  +  00 

6.00006+03 

5,58006+00 

7 ,00006  +  03 

5,78006+001025 

3 

2 

152 

e.ooonE+03 

'5,Q45oE  +  nO 

9.00006+03 

6,08506+00 

1,00006+04 

6,20006+001025 

3 

2 

153 

1,500QE+04 

6,4500E'*'00 

2.00006+04 

7,00006+00 

2,50006+04 

7,31406+001025 

3 

2 

154 

3,0000E+04 

7,'5400E  +  00 

3.50006+04 

7,70606+00 

4,00006+04 

7,60206+001025 

3 

2 

155 

4,5000E+U4 

7.fl410E+00 

5.00006+04 

7,86706+00 

5,00006+04 

7,92306*001025 

3 

2 

156 

7,0000E+04 

fl.nl50Ei-00 

8.00006+04 

8,22606+00 

9,00006+04 

8,45806+001025 

3 

2 

157 

1.000nE+05 

8.7290F+00 

1.20006+05 

8,93106+00 

1,40006+05 

9,03306+001025 

3 

2 

158 

l,6000E+05 

9, 0840E  +  00 

1.80006+05 

9,10406+00 

2,00006+05 

9,08506+001025 

3 

2 

159 

s.ooonE-^os 

8,  A700E  +  n0 

4.00006+05 

8,20906+00 

4,50006+05 

8,01406+001025 

3 

2 

160 

S.OOOOE+O'j 

7,r320E+00 

5.50006+05 

7.61206*00 

5,00006+05 

7,43006+001025 

3 

2 

161 

6.5000E+0'3 

7.2820E+00 

7.00006+05 

7.15406+00 

7,50006+05 

7,01606+001025 

3 

2 

162 

7 , 9  0  0  0  E  0 

6.<?o9oE+no 

8.20006+05 

6,70206+00 

3,50006+05 

6.52206+001025 

3 

2 

163 

9,0000E+Q5 

6.2610E+00 

9.50006+05 

6.05606+00 

1,00006+06 

5,87906+001025 

3 

2 

164 

l,0500E+06 
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1025 

4 

2 

451 

0  .0 

1 .20006  +  06 

0 

0 

9 

01025 

4 

2 

452 

4.l755E-0i 

2.1165E-01 

3.7023E-02 

2.2008E-02- 

■4,90786-03 

0,00006+001025 

4 

2 

453 

O.OOOOE+OO 

0  .noooE  +  no 

0 . OOOOE+00 

1025 

4 

2 

454 

0,0 

1.2500E+06 

0 

0 

9 

01025 

4 

2 

455 

4,5o29E-ul 

2.2284E-01 

6. 89106-02 

2,66526-02 

1,15866-02 

0.00006+001025 

4 

2 

456 

0,OOOOE+O0 

0  .  noOOE  +  00 

O.OOOOE+00 

1025 

4 

2 

457 

0  ,  0 

1.30006+06 

0 

0 

9 

01025 

4 

2 

458 

4,6227E-01 

2.2007E-01 

6.6934E-02 

2.5269F-02 

7,4444E-03 

0,00006+001025 

4 

2 

459 

0 , OOOOE+OO 

n.noooE+no 

O.OOOOE+OO 

1025 

4 

2 

460 

0  ,  0 

1.3500E+06 

0 

0 

9 

01025 

4 

2 

461 

4,3831E-01 

2. 25106-01 

6.l3lflE-02 

2,78006-02 

5,55606-03 

0,00006+001025 

4 

2 

462 

0, OOOOE+OO 

0 .00006  +  00 

0  .  00006  +  00 

1025 

4 

2 

463 

0  ,  0 

1.40006+06 

0 

0 

9 

01025 

4 

2 

464 

4,7580E-01 

2. 48086-01 

8. 14466-02 

3,37706-02 

1,00176-02 

0.00006+001025 

4 

2 

465 

0, OOOOE+OO 

0  ,n  0  0  0  E  +  00 

0,OOOOE+O0 

1025 

4 

2 

466 

0 ,  n 

1,45006+06 

0 

0 

9 

01025 

4 

2 

467 

4,3788E-0l 

2,59756-01 

8.0517E-02 

4,1244E-02 

3,44156-03 

0 .OOOOE+001025 

4 

2 

466 

0, OOOOE+OO 

0 ,00006  +  00 

n . QoooE+on 

1025 

4 

2 

469 

0  ,  0 

2.90006+06 

0 

0 

9 

01025 

4 

2 

470 

3,7500E-01 

2.84376-01 

1.0979E-01 

5,9107E-02 

1,14256-02- 

■1,49386-021025 

4 

2 

471 

l,890lE-0?' 

-5.fl2786-03 

8.07676-03 

1025 

4 

2 

472 

0  ,  0 

3.70006+06 

0 

0 

9 

01025 

4 

2 

473 

5,2059E-O1 

3.81376-01 

2.5276E-01 

2.0623E-01 

9,2464E-02 

1,40696-021025 

4 

2 

474 

7,6113E-04' 

-3.52166-04-5.11986-03 

1025 

4 

2 

475 

0  ,  0 

4,10006+06 

0 

0 

9 

01025 

4 

2 

476 

4,498(‘E-01 

3.10976-01 

1. 79706-01 

1.9180E-01 

1,16836-01 

2,75656-021025 

4 

2 

477 

1,1614E"02' 

-1 , 24256-02- 

■5. 96596-03 

1025 

4 

2 

478 

n ,  0 

5  ,  n0006  +  06 

0 

0 

9 

01025 

4 

2 

479 

6,2282E-01 

3.98066-01 

2.78996-01 

2.0819E-01 

1,11516-01- 

1,50956-021025 

4 

2 

480 

4,5] 39E-0?' 

-1.75626-02- 

■4.11446-04 

1025 

4 

2 

481 

0  ,  n 

6,n0006+06 

0 

0 

9 

01025 

4 

2 

482 

6,2414E-01 

4  .?o78E-01 

3.30816-01 

2.8364E-01 

2,31866-01 

1.17256-011025 

4 

2 

463 

3,6320E-O2 

1.19326-02 

4.91736-03 

1025 

4 

2 

484 

0  ,  n 

7.n0006+06 

n 

0 

12 

01025 

4 

2 

485 

6,9022E-01 

5.1 0806-01 

4.04116-01 

3.4054E-01 

3,09796-01 

2.17036-011025 

4 

2 

486 

9,e60  0E-I.i? 

3.79876-02 

6.95336-03 

1.5139E-03 

4.11196-04 

2,39676-051025 

4 

2 

487 

n .  n 

9, no  006  +  06 

(1 

0 

12 

01025 

4 

2 

488 

7,6724E-0t 

5.89156-01 

4.70926-01 

3.9002E-01 

3,25476-01 

2,55696-011025 

4 

2 

489 

1,4467E-01 

5 .70366-02 

1.68866-02 

5.1922E-03 

1,94336-03 

1,12776-041025 

4 

2 

490 

0  ,  0 

1.10006+07 

n 

0 

14 

01025 

4 

2 

491 

6,0419E-01 

6.54036-01 

5.38226-01 

,4.4241E-01 

3.57836-01 

2,83056-011025 

4 

2 

492 

1.8653E-0t 

9.22386-02 

3.96506-02 

1 .7781E-02 

7.41366-03 

9.88836-041025 

4 

2 

493 

7.2586E-04 

1  .  44176-04 

1025 

4 

2 

494 

0  .  0 

1 .30006  +  07 

0 

0 

16 

01025 

4 

2 

495 

e,23eoE-oi 

7.1 0006-01 

6.01196-01 

5 , 0186E-01 

4,o7ieE-ui 

3,22356-011025 

4 

2 

496 
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2,3286E-01 

1,3870E-01 

7.4209E-02 

4,09706*02 

1,87146*02 

4.39386*031025 

4 

2 

497 

2,9735E-03 

4,$152E^04 

9.78716-05 

2,2631E*05 

1025 

4 

2 

498 

0  tO 

1,5000E+o7 

0 

0 

16 

01025 

4 

2 

499 

8,3336E*0l 

7 , 4059E'’01 

6. 32996-01 

5,4242E«01 

4,43256*01 

3,55126*011025 

4 

2 

500 

2,6482E-ai 

1,7473£-01 

9.9143E-02 

5,7974E-02 

3,02006*02 

1,06996-021025 

4 

2 

501 

6.691SE-03 

7.ai24E-o4 

2.1139E-04 

6 , 36306*0  5 

1025 

4 

2 

502 

0,0 

0,0 

0 

0 

0 

01025 

4 

0 

503 

0  »0 

0,0 

0 

0 

0 

01025 

0 

0 

504 

42000,0 

9,5066E*01 

0 

0 

5 

01025 

5 

4 

505 

0,0 

2,0000E+05 

0 

3 

1 

241025 

5 

4 

506 

24 

3 

1025 

5 

4 

507 

2,OOOOE*05 

l,0000E+00 

5.0000E+05 

1,00006+00 

5,50006*05 

8,27106*011025 

5 

4 

508 

6,0000E  +  05i 

7,1620E'»0l 

6.5000E+05 

6,2160E+01 

7,00006+05 

5,28606*011025 

5 

4 

509 

7.5000E+05 

4.'5710E-01 

7.9000E+05 

4,0860E*01 

3,20006+05 

2,87206*011025 

5 

4 

510 

e,500OE*O5 

a.^saoE'-oi 

9,000OE+05 

1.7780E*01 

9,50006*05 

1,5260E-011025 

5 

4 

511 

1,Q000E*06 

1.3870E"0l 

1,05006+06 

1,2750E«01 

1,10006*06 

1,1750E*011025 

5 

4 

512 

1,1500E+06 

1,1040E-01 

1,20006+06 

1,0440E+01 

1,25006*06 

1,0090E*011025 

5 

4 

513 

1.3000E*0« 

9,7900E-02 

1 , 35006  +  06 

9,31006*02 

1,40006+06 

9,2000E*021025 

5 

4 

514 

1,4500E*06 

9,1600E',02 

1.50006+06 

9,18006*02 

2,00006+06 

0,0000E+001025 

5 

4 

515 

0.0 

5,OOOOE*o5 

0 

3 

1 

231025 

5 

4 

516 

23 

3 

1025 

5 

4 

517 

5,OOOOE*05 

0,0000E+00 

5.5000E+05 

1,72906*01 

6,00006+05 

2,e380E*011025 

5 

4 

518 

6,5000E+05 

3.7840E-01 

7.00006+05 

4,71406*01 

7,50006*05 

5,42906*011025 

5 

4 

519 

7,9000E*05 

5,9140E^01 

8.20006*05 

4,6120E*01 

6,50006+05 

3,B990E*011025 

5 

4 

520 

9,OOOOE+OS 

3  •  0830E'"01 

9.5000E+05 

2,58106*01 

1,00006+06 

2.l74oE*011025 

5 

4 

521 

1,0500E+06 

1,8290E-01 

l.lOOOE+06 

1,54906*01 

1,15006*06 

1,3330E*011025 

5 

4 

522 

l,2000E+06 

l.l980E’'0l 

1.2500E+06 

1.12006*01 

1,30006*06 

1,0890E*011025 

5 

4 

523 

1,3500E*0<5- 

1 , 0610E-01 

1.4000E+06 

1,04106*01 

1,45006*06 

1,027oE*011025 

5 

4 

524 

l,5000E*06 

1,0210E-Q1 

2,  OOOOE  +  06 

0,00006+00 

1025 

5 

4 

525 

0,0 

7,9000E+o5 

0 

3 

1 

171025 

5 

4 

526 

17 

3 

1025 

5 

4 

527 

7,9000E+05 

O.OOOOE+OO 

8.2000E+05 

2,51606*01 

3,50006*05 

3,813oE*011025 

5 

4 

528 

9,0000E+05 

5 ,  i390E*0l 

9.5000E+Q5 

5,89306*01 

1,00006*06 

6,4390E»011025 

5 

4 

529 

l,0500E+06 

6,fl960E*0l 

l.lOOOE+06 

7,21206*01 

1,15006*06 

7,4480E*011025 

5 

4 

530 

1.2000E+06 

7,853qE-o1 

1.25oqE+06 

7,61906*01 

1.30006*06 

7,622oE*011025 

5 

4 

531 

l,3500E+06 

7,6080E-01 

1.4000E+06 

7,53306*01 

1,45006*06 

7,4260E*011025 

5 

4 

532 

l,5000E+08 

7,?45oE*-ol 

2.0000E+06 

0,00006+00 

1025 

5 

4 

533 

0,0 

l,0500E+06 

0 

3 

1 

111025 

5 

4 

534 

11 

3 

1025 

5 

4 

535 

1,0500E*06 

0,0000E+00 

l.lOOOE+06 

6,4000e*03 

1,15006+06 

1,1500E*021025 

5 

4 

536 

l,2000E+06 

2  a  OSOOE'^OZ 

1.25006+06 

2,52006*02 

1,30006+06 

3,1000E*021025 

5 

4 

537 

l,3500E+06 

4,0000E'02 

1.4000E+06 

5,06006*02 

1,45006+06 

6,3100E*021025 

5 

4 

538 

l,5000E+06 

8,1600E<,02 

2.0000E+06 

0,00006+00 

1025 

5 

4 

539 

0,0 

0.0 

0 

9 

1 

31025 

5 

4 

540 

3 

3 

1025 

5 

4 

541 

l,5000E+08 

0,00Q0E*00 

2,OOOOE*06 

1,00006+00 

1,50006*07 

1,OOOOE+001025 

5 

4 

542 

0,0 

0,0 

0 

0 

1 

21025 

5 

4 

543 

2 

5 

1025 

5 

4 

544 

l,5O0OEf06 

4,0340E*05 

1.5000E+07 

l,2758E+06 

1025 

5 

4 

545 

0,0 

0,0 

0 

0 

0 

01025 

5 

0 

546 

42000,0 

9,50666+01 

0 

0 

1 

01025 

5 

16 

547 

0,0 

0,0 

0 

9 

1 

21025 

5 

16 

548 

2 

2 

1025 

5 

16 

549 

6,e870E+06 

l,0000E+00 

1.5000E+07 

1,00006+00 

1025 

5 

16 

550 

0,0 

0,0 

0 

0 

1 

21025 

5 

16 

551 

2 

2 

1025 

5 

16 

552 

6,8870E+06 

1,00006+05 

1.5000E+07 

2,84006+06 

1025 

5 

16 

553 

0,0 

0.0 

0 

0 

0 

01025 

5 

0 

554 

42000,0 

9,50666+01 

0 

0 

1 

01025 

5 

17 

555 

0,0 

0,0 

0 

9 

1 

21025 

5 

17 

556 

2 

2 

1025 

5 

17 

557 

1,435oE+07 

l.OOOOE+00 

1 ,500(!1E  +  07 

1,00006+00 

1025 

5 

17 

558 
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0  ,  0 

2 

0.0 

2 

0 

0 

1 

21025 

1025 

5 

5 

17 

17 

559 

560 

1,4350E+07 

l.nOOOE+04 

1.5O00E+07 

1,3000E^05 

1025 

5 

17 

561 

0  .n 

0,0 

0 

0 

0 

01025 

5 

0 

562 

0.0 

0,0 

0 

0 

0 

01025 

0 

0 

563 

42000 , 0 

9.5066E+01 

0 

0 

0 

01025 

7 

4 

564 

0,0 

0,0 

0 

0 

12 

11025 

7 

4 

565 

0 .ooooE+on 

5,9300E+01 

9.5066E+01 

1.5000E+00 

0,0 

0.01025 

7 

4 

566 

l,0000E+00 

5,noooE+oo 

9.5066E+01 

0,0 

0,0 

0,01025 

7 

4 

567 

0.0 

0.0 

0 

0 

0 

01025 

7 

0 

568 

0,0 

0,0 

0 

0 

0 

01025 

0 

0 

569 

0,0 

0,0 

0 

0 

0 

0  0 

0 

0 

570 
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APPENDIX  E 

ENDF/b  Listing  for  Gadolinium 


no 


1^51 

1^51 

1451 

1451 

1451 

1451 

1451 

1451 


64000.0  1.5590E+02  1  0  0  01030 

n.i!  0  ,  0  0  0  31  01030 

GADCLIMOm  cross  sections  material  1030  1030 

THE  MAIN  SOURCE  FOR  THIS  EVALUATION  IS  KrK-352  BY  SCHMIDT  AND  SIEP1030 
THIS  DATA  WAS  PREPARED  BY  F  .  PENM NG T ON , A . N . L , . I N  OCTOBER  1966  ,  1030 

THE  FOLLOWING  MODIFICATIONS  WERE  MADE  OF  ThE  DATA  FROM  THE  MAIN  1030 
SOURCE-  10^0 

RESONANCE  PARAMETERS  FOR  THE  FIRST  5  RESONANCES  ARE  FROM  N,S,E.»  1030 
6,183, (I960) .parameters  FOR  24  OTHER  RESONANCES  ARE  FROM  BNL-325,1030  1451 
THE  CROSS  SECTIONS  ARE  CALCULATED  ENTIRELY  FROM  RESONANCE  1030  1451 

PARAMETERS  UP  TO  50  EV.  1030  1451 

FRCM  50  EV.TO  10  KEV.,ThE  TOTaL  CROSS  SECTION  WAS  READ  FROM  1030  1451 

BNL-325.iT  WAS  SPLIT  INTO  CAPTLRE  AND  SCATTERING  COMPONENTS  USING1030  1451 
EOLATIONS  39,40,43  AND  44  OF  KFK-352,  1030  1451 

N-2N  AND  N-3N  CROSS  SECTIONS  WERE  OBTAINED  FROM  S , PE ARLSTE I N , SEE  1030  1451 
N,S,E.23,?38-?50, (1965) .  1030  1451 

CROSS  SECTIONS  WERE  EXTENDED  FROM  10  TO  15  mEV.TRE  N-GAMMA  CROSS  1030  1451 
SECTION  WAS  extrapolated  LINEARLY  ON  A  LOG-LDG  SCALE, THE  TOTAL  1030  1451 
CROSS  SECTION  WAS  EXTENDED  USING  BNL-325  POINTS  AS  A  GUIDE, THE  1030  1451 
REACTION  CROSS  SECTION  WAS  EXTRAPOLATED  TO  A  VALUE  AT  15  MEV,  1030  1451 
EQUAL  TO  1.01  TIMES  THE  SUM  OF  N-2N , N-3N, AND  N-GAMMA  CROSS  1030  1451 

SECTIONS,  1030  1451 

THE  INELASTIC  SCATTERING  CROSS  SECTION  WAS  FOUND  BY  SUBTRACTING  1030  1451 
OTHER  reactions  FROM  THE  REACTION  CROSS  SECTION, AND  IS  THEREFORE  1030  1451 
SMALLER  THAN  THAT  IN  KFK-352  ABOVE  THE  N-2N  THRESHOLD,  1030  1451 

LEGENDRE  COEFFICIENTS  FOR  ELASTIC  SCATTERING  FROM  H, ALTER  WERE  1030  1451 
USED  FROM  0.3  TO  1,5  MEv,(SEE  NAA-SR-11980  VOL  IV>, BELOW  0,3  MEV, 1030  1451 
COEFFICIENTS  WERE  FOUND  BY  EXTfi APOL AT  I  ON , ABO VE  1,5  MEV,, THE  1030  1451 

COEFFICIENTS  aRE  RASED  ON  ARACLS-2  PROBLEMS  USING  ROUGHLY  THE  1030  1451 
SAME  PARAMETERS  AS  IN  KFK-352,  1030  1451 

VALUES  OF  MU  BAR  LAB. XI. AND  GAMMA  WERE  CALCUwATED  FROM  THE  1030  1451 


LEGENDRE  COEFFICIENTS, 

1030 

1451 

PARAMETERS 

for  the  free  gas  thermal  scattering  law  WtRE 

INCLUDED, 1030 

1451 

0 ,  n 

0.0 

0 

0 

0 

01030 

1  0 

0,0 

0.0 

0 

0 

0 

01030 

0  0 

64000,0 

1.5590E+02 

0 

0 

2 

01030 

2151 

64155,0 

1 ,4730E-01 

0 

0 

1 

01030 

2151 

1 ,0000E-03 

5.n000E+01 

1 

1 

n 

01030 

2151 

1.5000E+00 

7,9100E-01 

0 

0 

1 

01030 

2151 

l,7362E-03 

0  ,noooE+oo 

0 

0 

144 

241030 

2151 

2,6800E-02 

2.n000E+00 

1.0810E-01 

l,0400e-04 

1, 0800E-01 

0,O00OE+001O30 

2151 

2,oo8oE+on 

1  ,noooE  +  oo 

1.1037E-OI 

3,7100E-04 

i,lonoE-oi 

0  .OOOOE  +  001030 

2151 

2.5680E+on 

2.n000E+00 

1.1274E-01 

l,7360E-03 

1,11UOE-01 

O,O0OOE+001030 

2151 

6,4900E+00 

2,n000E+00 

1.0B51E-01 

2.5100E-03 

1, 0600E-01 

0 , OOOOE+001030 

2151 

7,9500E+0n 

1.5000E+n0 

1.4154E-01 

1 ,5400E-03 

l,4000E-01 

0  .DOOOE  +  001030 

2151 

1,0100E+01 

1,5000E+00 

1.0418E-01 

l,800UE-04 

l,0400E-01 

0,OOOOE+O01030 

2151 

l,  1670E-*-01 

1,5000E+00 

1.0448E-01 

4,8000E-04 

l,0400E-01 

0,OOOOE+001030 

2151 

1 ,2ionE+oi 

1.5000E+00 

1.049nE-01 

9,OOOOE-04 

1,0400E-01 

0  .OOOOE  +  001030 

2151 

l,4700E-t-01 

1.5000E+00 

1.0220E-01 

2,2000E-03 

l,0000E-01 

0,0000E-*001030 

2151 

2,0200E+0l 

l.ROOOE+OO 

9.6100E-QP 

5,1000E-03 

9,1000E-02 

0  ,O000E  +  001030 

2151 

2,1300E+0l 

l,5000E+00 

8.0000E-02 

1,8000E-02 

6,2000E-02 

0,0000E*001030 

2151 

2,3900E+01 

I.SOOOE^DO 

1.1620E-01 

6,2000E-03 

l,100DE-01 

O.OOOOE+001030 

2151 

2,7900E+01 

l,5000E+00 

1.0490E-01 

9,00OOE-O4 

l,0400E-01 

0,0000E>*’001030 

2151 

2,9900E+01 

1,5000E+00 

l.l36nE-01 

9,60000-03 

l,0400E"01 

0,OOOOE+001030 

2151 

3,0500E+01 

1.5000E+00 

1.166o8"01 

l,2600E-02 

1, 0400E-01 

0,OO00E+O01030 

2151 

3,2100E*01 

1.5000E+00 

1.0560E-01 

1,6000E-03 

1,0400E-01 

0 , OOOOE+001030 

2151 

3.5n00E+01 

1.5000E+00 

I.II60E-OI 

7,6000F-03 
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4,6300E*01 

1.5000E+00 

1,074oE-01 

3.40006*03 

1,04006*01 
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2151 

111 

63 

4,7100E+01 

1,5000E+00 
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1,21006*02 

1,04006*01 
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2151 

64 
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0 

1 
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65 
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1 

1 

0 

01030 
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66 
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0 

0 

1 

01030 

2151 

67 

1,7362E"03 

0,0000E+00 

0 

0 

30 

51030 

2151 

68 

3,1400E-02 

2,nOOOE-*-00 

1 .06476-01 

4,72006*04 

1,06006*01 

0,OOOOE*001030 

2151 

69 

2,8250E+0n 

2.0000E+00 

9.73456-02 

3,45006*04 

9,70006*02 

0,OQOOE+001030 

2151 

70 

1,7100E*01 

2,n000E+00 

i.oieoE-oi 

1,68006*02 

8,50006*02 

0. 0000^  +  001030 

2151 

71 

4,4300E+01 

l,5000E+00 

1.04006-01 

1,00006*02 

9,40006*02 

0,00006+001030 

2151 

72 

4,9000E+01 

1,5000E+00 
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2,50006*02 

3,60006*02 

0,00006+001030 
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0 
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0 
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l,  0000E'-03 
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5.0000E+01 

0,00006+00 

5,00006+01 

1,32766*011030 

3 

1 

79 

5,1000E+01 

3,2000E+01 

5.2000E+01 

1,00006*02 

5,30006+01 

3, 2000^  +  011030 

3 

1 

80 

5,3500E+01 

7,5000E+01 

5,40006+01 

2,80006+01 

5,50006+01 

1,40006+011030 

3 

1 

81 

5,6000E+01 

2,0000E+0l 

5.65ooE+01 

3,00006+01 

5,70006+01 

1,5000E+011030 

3 

1 

82 

5,7500E+01 

3,2000E+01 

5,80006+01 

1,35006+02 

5,90006+01 

6,00006+011030 

3 

1 

83 

6,0000E+01 

l,7000E+0l 

6.10006+01 

2,70006+01 

6,15006+01 

8,00006+001030 

3 

1 

84 

6,2500E+01 

5,noooE+oi 

6.3500^+01 

8,00006+00 

6,50006*01 

4,5000E+011030 

3 

1 

85 

6,6000E+01 

2,90006+01 

6,65006+01 

6,00006+01 

6,70006*01 

2,00006+011030 

3 

1 

86 

6,750QE+01 

1,00006+01 

6.90006+01 

4,00006+01 

7,00006+01 

7,0000E+001030 

3 

1 

87 

7,1000E+01 

9,00006+00 

7.20006+01 

7,00006+00 

7,25006+01 

1,00006+011030 

3 

1 

88 

7,3000E+01 

7,00006+00 

7.40006+01 

1, OOOOE  +  Ol 

7,50006+01 

1,6000E+011030 

3 

1 

89 

7,6500E+01 

7,00006+00 

7.77006+01 

4,20006+01 

7,80006+01 

l,e000fc+011030 

3 

1 

90 

7,9000E>01 

6,  noOOE  +  01 

8.00006+01 

1,21006+02 

8,10006*01 

l,5500t:  +  021030 

3 

1 

91 

8,1500E+01 

1,30006+02 

8.30006+01 

2,20006+01 

3,40006*01 

3, 6000^  +  011030 

3 

1 

92 

8,6500E+01 

1,40006+01 

8.80006+01 

3,90006+01 

8,90006+01 

1.1500fc+011030 

3 

1 

93 

9,0000E+01 

8,00006+00 

9.10006+01 

1,30006+01 

9,20006+01 

1,4000E+011030 

3 

1 

94 

9,2500E+01 

2,00006+01 

9.30006+01 

2,70006+01 

9,40006+01 

l,7500t+011030 

3 

1 

95 

9,5400E+01 

1,40006+01 

9.60006+01 

2,00006+01 

9,65006*01 

4,0000E+011030 

3 

1 

96 

9,7000E+01 

5,00006+01 

9,75006+01 

3.00006+01 

9,80006+01 

4,0000E+011030 

3 
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97 

9,9000E'*-01 

3,10006+01 

l.OOOOE+02 

4,00006+01 

1,00506+02 
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98 

l,0100E+02 
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1.02006+02 

2.40006+01 
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l,a400E+02 
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1.04506+02 

3,30006+01 

1,05006*02 
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l,0700E+02 
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1.07506+02 

3,80006+01 
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1.0900E+02 

2,50006+01 
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1,11006*02 
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l,1200E+02 

3,80006+01 

1,13006+02 
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1,14006+02 
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1,1500E+02 
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1.16006+02 

4,70006+01 
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2,20006+01 

1.19006+02 

2,20006+01 
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3 
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1.2100E+02 

7.00006+01 

1.21506+02 

9,50006+01 

1,22006*02 

6,5000E+011030 

3 
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1 ,2300E+02 

6,20006+01 

1.24006+02 

7,40006+01 

1,25006+02 

5,9000E+011030 
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1 

107 
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2.80006+01 

1.28006+02 

1,90006+01 

1,29006*02 
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1 
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1.2950E+02 
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1.30506+02 

5,00006+01 

1,32006+02 

3,7000E+011030 

3 

1 
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1 ,3300E+02 

3,00006+01 

1.35006+02 
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1,37006+02 

3,OOOOE+O11030 

3 
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1,3800E+02 

5,50006+01 

1.39006*02 

7,60006+01 

1,40006+02 

5,6000E+011030 
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1,4ioOE*02 

4,00006+01 

1.41506+02 

3,60006+01 

1,42006+02 
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1,4300E+02 
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1.45006+02 
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1,46006*02 
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1,4700E+02 
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1.48006+02 

6.20006+01 

1,49006+02 

7,8000E+Q11030 
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1 ,5000E+02 

7.90006+01 

1.505oE+02 

8,00006+01 

1,52006*02 

5,0000E+011030 
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l,5300E+02 

3.00006+01 

1.55006+02 
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1,60006+02 
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l,6500E+02 

2,75006+01 
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4,10006+01 
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1,7500E+02 

2,40006+01 

1.80006+02 

2.30006+01 
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3 

1 

lie 

1.9000E-t'02 

2,45006+01 

1.95006+02 

3. 90006  +  01 
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2,0000E-*'02 

5.00006+01 

2.05006+02 

3,30006+01 

2,10006+02 
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2.1500E+02 

2.75006+01 

2.20006+02 

2,60006+01 

2,25006*02 
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3 

1 

121 

2,3000E+02 

3,20006+01 

2.33006+02 

2,70006+01 

2,40006+02 
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1 
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2,5000E*02 
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2.60006+02 

1,95006+01 

2,70006+02 
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3 

1 

123 

2,8000E+02 

2.65006+01 

2.87006+02 

2,95006+01 
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1,9500E+011030 

3 

1 

124 

112 


3,1000E+0? 
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3.20006+02 

2,65006+01 

3,3000E+02 
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3.50006+02 
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3.7400E+02 

3,40006+01 
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3.2000E*01 

4.10006+02 

3.5000F+01 
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4,450tlE  +  02 

3,3000E+01 

4.50006+02 

3.4000E+01 

4,6000E+02 

2,40006+011030 
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5,000nE+02 

3,10006+01 

5,1000E*02 

3,45006+011030 
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5.1500E+02 

3.0000E+01 

5.20006+02 

2,700aE+01 

5,60QOE*02 

1,65006+011030 

3 
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5,9000E+02 

2.3500E-t-01 

6.20006+02 

2,5000E+01 

6,3000E*02 

2,25006+011030 
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6,6000E+02 

1.<?500E  +  01 

6.8000E+02 

3,20006+01 

7,1000E+02 

4,20006+011030 
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133 

7,6000E+02 

2,1000E+01 

7.80006+02 

2.3000E+01 

3,0000E+02 

2,37006+011030 
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134 

6.200nE+02 

2,4000E-t-01 

8.40006+02 

2,4000E*01 

9,0000E+02 

2.25006+011030 
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135 

l,0000E+03 

2,n700E+01 

1.50006+03 

1,8750E+01 
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136 

2,5000E+03 

1,6600E+01 

3.00006+03 
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138 
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4,OO0OE+04 
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5. 0000E''‘04 

9,6200E+00 

6,00006+04 

9,35006+001030 

3 

1 

141 

7,0000E+04 

9,l300E+00 

a.  00006  +  04 

8,9000E+00 

9,00006*04 

8,75006+001030 

3 

1 

142 

l.OOOOE+05 

8.6nOOE+00 

1.20006*05 

8.4200E+00 

1,50006*05 

0,16006+001030 

3 

1 

143 

2,0000E+05 

7,9000E+00 

2.50006+05 

7,7200E+00 

3,00006+05 

7,54006+001030 

3 

1 

144 

4,OOOOE+05 

7,4000E+00 

5.00006+05 

7,3000E+00 

6,00006+05 

7,28006+001030 

3 
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145 

7,0000E+05 

7.2700E+00 
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7,2600E+00 
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7,25006+001030 

3 
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146 
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7,2000E+00 

1,50006+06 
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3 
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147 

2,0000E+0A 

6.a000E+00 

3.00006+06 

6,3000E+00 

4,00006+06 

5,80006+001030 

3 

1 

148 

5,OOOfiE*OA 

5.4000E+00 

6.00006*06 

5,2000E+00 

6,45606+06 

5,05006+001030 

3 

1 

149 

6,497nE*06 

5,n200E+00 

6 . 56306  +  06 

5,OOOOE+O0 

6,63006+06 

4,98006+001030 

3 

1 

150 

6.6980E+06 

4,9700E+00 

6 .83906  +  06 

4,9700E+00 

6,98606+06 

4,96006+001030 

3 

1 

151 

7i1400E+04 

4.9600E'*-00 

7.30006*06 

4,9500E+00 

7,55506+06 

4,95006+001030 

3 

1 

152 

7,8280E+08 

4,9500E+00 

8.02106+06 

4,9600E+00 

3,22406+06 

4,98006+001030 

3 

1 

153 

8,4380E+06 

5, 0OOOE>^0O 

8.76006+06 

5,0500E+00 

9,15106+06 

5,15006+001030 

3 

1 

154 

9,4l60E*04 

5.2200E+00 

9.84406+06 

5,4000E*00 

1,03106+07 

5,60006+001030 

3 

1 

155 

l,0830E+07 

5,70006+00 

1.14006+07 

5,7500E+00 

1,20306+07 

5,75006+001030 

3 

1 

156 

l,2740E+07 

5.7000E+00 

1 . 32606+07 

5,6500E+00 

1,35406+07 

5,60006+001030 

3 
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157 

1,382oE+o7 

5,50006+00 

1.41206+07 
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5,40006+001030 
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5,3000E+00 

1030 

3 

1 

159 

0,0 

0,0 

0 

0 

0 

01030 

3 

0 

160 

64000,0 

1.5590E+02 

0 

0 

0 

01030 

3 

2 

161 

0,0 

0,0 
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2 
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2 

242 
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3 

2 
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1,OOOOE"03 

0,00006+00 

5.00006+01 
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5,00006+01 

1,07466+011030 

3 

2 

164 

5,1000E+01 

9.1610E+00 

5.200OE+OI 

1,63506+01 

5.30006+01 

9,21606+001030 

3 

2 

165 

5,3500E+Q1 

1,35396+01 

5.40006+01 

8,73906+00 

5,50006+01 

7,30806+001030 

3 

2 

166 

5,6000E+01 

7.95906+00 

5.65oo6+Q1 

8.96206+00 

5.70006+01 

7,43506+001030 

3 

2 

167 

5,7500E+01 

9,?020E+00 

5. 80006  +  01 

2.0430E+ni 

5,90006+01 

1,22596+011030 

3 

2 

168 

6,0000E+01 

7,66406+00 

6.IOOOE+OI 

8.7610E+00 

6,15006+01 

6,68106+001030 

3 

2 

169 

6,2500E+01 

1.12816+01 

6 .350  06  +  01 

6,6850E+00 

6,50006+01 

1,08616+011030 

3 

2 

170 

6,6000E+01 

9.05606+00 

6.65006+01 

l,2554E+ni 

6,70006+01 

8,04706+001030 

3 

2 

171 

6,7500E+01 

6,01806+00 

6.90006+01 

1,0369E+01 

7,00006+01 

6,57506+001030 

3 

2 

172 

7,10DOE+Ol 

6.50906+00 

7.2000E+OI 

6,5760E+00 

7,25006+01 

6,92806+001030 

3 

2 

173 

7,3000E'*-01 

6.57606+00 

7.40006+01 

6.9310E+00 

7,50006+01 

7,64906+001030 

3 

2 

174 

7,6500E-^01 

6  •  57706  +  00 

7.77006+01 

1,0799E+01 

7,80006+01 

7.90606+001030 

3 

2 

175 

7,9000E+01 

1,30266+01 

8.ODO0E+OI 

2.0490E+01 

3,10006+01 

2,47506+011030 

3 

2 

176 

e,1500E+01 

2.17206+01 

8.30006+01 

8,4400E*00 

3,40U0E*01 

1,01976+011030 

3 

2 

177 

e,6500E+01 

7,46306+00 

8.8OOOE+OI 

1,0644E+01 

3,90006*01 

7,15606+001030 

3 

2 

178 

9,onooE+oi 

6,71006+00 

9.10006+01 

7.3540E+00 

9,20006*01 

7.48806+001030 

3 

2 

179 

9.2500E+01 

8.26606+00 

9.30006+01 

9.1810E+00 

9,40006+01 

7,95206+001030 

3 

2 

180 

9,5400E+01 

7.50206+00 

9. 60006  +  01 

8,2930E+00 

9,65006+01 

1,09336+011030 

3 

2 

181 

9,7oOOE+Oi 

1.22646+01 

9 . 750  06  +  01 

9,6290E+00 

9,80006+01 

1,09626+011030 

3 

2 

182 

9,9000E+01 

9,78206+00 

l.OOOOE+02 

1,0998E+01 

1,00506*02 

1,50276+011030 

3 

2 

183 

1,0100E+02 

1,50426+01 

1,02006+02 

8,8770E+00 

1,03006+02 

8,34406+001030 

3 

2 

184 

l,0400E+02 

8,62306+00 

1.045o6+02 

1,0125E+01 

1,05006*02 

1,49056+011030 

3 

2 

185 

1,0700E  +  0,2 

1.11216+01 

1.07506+02 

1,0854E+01 

1,08006*02 

8,37906+001030 

3 

2 

186 

113 


l,0900E+02 

9.0780E+00 

1.10006+02 

1 

,2284E+01 

1,1100E+02 

1,46736+011030 

3 

2 

187 

l,1200E+02 

1 , 0925E  +  01 

1.1300E+02 

1 

,12216*01 

1,14006*02 

1,18018+011030 

3 

2 

188 

lfl500E+02 

1,21038+01 

1.16008'*02 

1 

,2264E*01 

1,17006+02 

1,12876+011030 

3 

2 

189 

l,1800E+02 

8,7310E+00 

1.19006+02 
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1,65006+02  1.75656*01  1.7000E+02  2,88026+01  1,72506+02  4,17046+011030  3102  330 
1,75006+02  1.45706+01  1.8000E+02  1.37076+01  1,85006+02  1,36786+011030  3l02  331 
1,90006+02  1,48926+01  1.9500E*02  2,68466+01  1,98006*02  5,07546+011030  3102  332 
2,00006+02  3,58656+01  2.05006+02  2,17996+01  2,10006*02  3,24386+011030  3102  333 
2,15006+02  1.72056+01  2.20006+02  1.59456+01  2,25006*02  2,61286+011030  3102  334 
2,30006+02  2,07796+01  2.33006+02  1,66836+01  2,4000E+02  4,34576+011030  3102  335 
2,50006+02  1.09156+01  2.60006+02  1,04756+01  2,70006*02  1,08426+011030  3102  336 
2,80006+02  1.80186*01  2.87ooE+02  1,83836+01  3,00006*02  1,03426+011030  3102  337 
3,10006+02  1,15026+01  3.20006+02  1,58246+01  3,30006+02  2,32806+011030  3102  338 
3,45006+02  3.96956+01  3.50006+02  2,86476+01  3,60006*02  1,48646+011030  3102  339 
3,70006+02  1.91206+01  3.74oo6+02  2,14406+01  3,90006+02  1,43596+011030  3102  340 
4,00006+02  1.97476+01  4.10006+02  2,20176+01  4,35006*02  4,97906+001030  3102  341 
4,45006+02  2,03006+01  4.50006+02  2,10426*01  4,60006+02  1,33546+011030  3102  342 
4.80006+02  3.73066+01  5.00006+02  1,85366+01  5,10006+02  2.11416+011030  3l02  343 
5,15006+02  1,77226+01  5.20006+02  1,54416+01  5,60006+02  8,95906+001030  3102  344 
5,90006+02  1,76236+01  6.20006*02  1,36616+01  6,30006+02  1,17916+011030  3102  345 
6,60006+02  9.52606+00  6.8000E+02  1,86336+01  7,10006+02  2,58l36+Oiio30  3102  346 
7,60006+02  1,04486+01  7.80006+02  1,18536+01  8,00006+02  1,23186+011030  3102  347 
8,20006+02  1.24946+01  8.40006+02  1,24576+01  9,00006+02  1,12886+011030  3102  348 
1.00006+03  9.88006+00  1.5000E+03  8,05106+00  2.00006+03  6,91606+001030  3l02  349 
2,50006+03  6.12206+00  3.00006+03  6,16806+00  3,50006+03  6,00106+001030  3102  350 
4,00006+03  6.02306+00  4.50006+03  5,72606+00  5,00006+03  5,34206*001030  3102  351 
5,50006+03  4.87506+00  6.00006+03  4,27406+00  6,80006+03  3.51106+001030  3102  352 
1,00006+04  2,06006+00  2.00006+04  1,44006+00  3.00006+04  1,17506+001030  3102  353 
4,00006+04  9.58006-01  5.00006+04  8.15006-01  6,00006+04  7,18006-011030  3102  354 
7,00006+04  6.25006-01  8.00006+04  5,75006-01  9,00006+04  5,22006-011030  3102  355 
1,00006+05  4.81006-01  1.20006+05  4,20006-01  1,50006*05  3,48006-011030  3102  356 
2.00006+05  2.50006-01  2.50006+05  1.9000E-D1  3,00006*05  1,46006-011030  3102  357 
4.00006+05  1.18006-01  5.0O00E+05  1.04006-01  6,00006*05  9,80006-021030  3l02  358 
7,00006+05  1.02006-01  8.00006+05  1.09006-01  9,00006*05  1,12006-011030  3102  359 
1,00006+06  1.15006-01  1.15006+06  1,16006-01  1.50006+06  1,07006-011030  3102  360 
2,00006+06  8.10006-02  3.00006+06  3.30006-02  4,00006*06  1,70006-021030  3102  361 
5,00006+06  1.05006-02  6.00006+06  6. 80006-03  6,45606*06  5,80006-031030  3102  362 
6,49706+06  5.70006-03  6.56306+06  5.50006-03  6,63006*06  5.40006-031030  3102  363 
6,69806+06  5.30006-03  6.039nE+O6  5,00006-03  6.98606+06  4.80006-031030  3102  364 
7,14006+06  4.60006-03  7.30006+06  4,30006-03  7,55506*06  4,00006-031030  3102  365 
7,82806+06  3.70006-03  8.02106+06  3.50006-03  8,22406+06  3,30006-031030  3102  366 
8,43806+06  3.10006-03  0.78OOE+O6  2.80006-03  9.15106+06  2,60006-031030  3102  367 
9,41606+06  2.40006-03  9.84406+06  2,20006-03  1,03106*07  1,90006-031030  3102  368 
1,08306+07  1.70006-03  1.14006+07  1.50006-03  1,20306*07  1,40006-031030  3102  369 
1,27406+07  1.70006-03  1.326oE+07  1,10006-03  1, 35406+07  1,00006-031030  3102  370 
1,38206+07  l.nOOOE-03  1.41206+07  9,00006-04  1,44406*07  9,00006-041030  3102  371 
l,477o6+o7  9.n000E-04  1.5000E+07  8.0000E-04  1030  3102  372 
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